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Description 

I. TECHNICAL FIELD 

v 

5 [0001] The present invention in its broadest form relates to computer-based systems, methods and visual interfaces 
for providing an integrated development and deployment framework for visual modeling and dynamic simulation of 
Virtual Models of complex systems, which can be further integrated with monitoring and control devices to control the 
operation of the complex systems modeled and can be used for information retrieval. 

w Copyright Notice 

[0002] A portion of the disclosure of this patent document contains material which is subject to copyright protection. 
The copyright owner has no objection to the facsimile reproduction by anyone of the patent document or the patent 
disclosure as it appears in the Patent and Trademark Office patent file or records, but otherwise reserves all copyright 
is rights whatsoever. 

II. BACKGROUND ART 

A. Knowledge-Based and Model-Based System for Monitoring and Control 

20 

[0003] Process industries, including the pharmaceutical, biotechnology, chemical, food, environmental and others 
may use artificial intelligence for process optimization to control complex productions facilities. Current systems monitor 
very general types of phenomena, such as gas pressure, pH, and in some occasions, the concentration of some product 
that correlates with cell growth or production, but those parameters are usually poor indicators of how much of the 

25 dosirod product is produced. Other methods lor designing monitoring and control systems for laboratory and industrial 
applications have been described, such as the one described in the patent application published as EP 0 367 544 A2 
(Int. Dev. Res. Center) g May 1990, which uses a graphical interface to graphically model the set of instruments and 
controllers of such monitoring and control systems, and and a natural language to allow the integration of the knowledge 
of experts into the automated control facilities, . Most monitoring systems are concerned with the overall processes that 

30 occur within the physical constraints of given reactions tanks, but do not model the many compartmentilized subsys- 
tems contained in each of those tanks with biological systems, to more finely tune the productivity of those subsystems 
Object-oriented expert systems allow a powerful knowledge representation of physical entities and conceptual en- 
tities. Each class defines each of the attributes characteristic of that class and distinguish it from another types of 
objects. Manipulation and retrieval of the values of the data structures may be performed through methods attached 

35 to a object's class. Model-based systems can be derived from empirical models based on regression of data or from 
first-principle relationships between the variables. 

[0004] There is a number of commercially available shells and toolkits that facilitate the development and deploy- 
ment of domain-specific knowledge-based applications. Of those, real-time expert-system shells offer capabilities for 
reasoning on the behavior of data over time. Each of the shells from various vendors offers its set of advantages and 

40 offers a different level of graphic sophistication. The shell selected for the implementation of this invention is Gensym 
Corporation's G2, which is designed for complex and large on-line applications where large number of variables can 
be monitored concurrently. It is able to reason about time, to execute both time-triggered and event-triggered actions 
and invocations, to combine heuristic and procedural reasoning, dynamic simulation, database interfaces, and other 
facilities that allow the knowledge engineer to concentrate on the representation and incorporation of domain-specific 

45 knowledge to create domain-specific applications. G2 provides a built-in inference engine, a simulator, prebuilt libraries 
of functions and actions, developer and user-interfaces, and the management of their seamless interrelations. A built- 
in inspect facility permits users to search for, locate, and edit various types of knowledge. Task prioritization, asynchro- 
nous concurrent operations, and real-time task scheduling are automatically provided by this shell. G2 also provides 
a graphic user interface builder, which may be used to create graphic user interfaces which are language independent 

50 and allow to display information using colors, pictures and animation. Dynamic meters, graphs, and charts can be 
defined for interactive follow-up of the simulation. It also has debugger, inspect and describe facilities. The knowledge 
bases can be saved as separated modules. The graphic views can be shared with networked remote CPUs or terminals 
equipped with X Windows server software. 

55 B. Computer-Aided Physiological Modeling and Artificial Intelligence in Molecular Biology 

[0005] Most computer-aided physiological and molecular modeling approaches have resulted in computer models 
of physiological function that are numerical mathematical models that relate the physiological variables using empiri- 
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cally determined parameters. Those models, which can become quite complex, aim at modeling the overall system. 
[0006] Both molecular biology and medicine have been fields of previous activity in the application of artificial intel- 
ligence (Al). In molecular biology, although there were some early systems such as Molgen and Dendral, the activity 
has intensified recently as a consequence of the explosion in new technologies and the derived data, mostly related 
with the Human Genome project and the handling of large amounts of sequence data generated, relating to both DNA 
and proteins. For a current state of the art, see the topics covered in symposia such as the recent Second International 
Conference on Intelligent Systems for Molecular Biology, 1994, Stanford University, CA. (its Proceedings are here 
included by reference). Here, only two projects will be mentioned that have some common objectives with the system 
that is the object of this invention. Discussions over other previous approaches are also included in those references 
[0007] The Molgen group at Stanford University has studied scientific theory formation in the domain of molecular 
biology, as reported by Karp, P.D.and Friedland P. (included here by reference). This project relates to the system of 
this invention in that both "are concerned with biochemical systems containing populations of interacting molecules ... 
in which the form of knowledge available ... varies widely in precision from quantitative to qualitative", as those authors 
write The Ph.D. dissertation of P. D. Karp (included here by reference) "developed a qualitative biochemistry for rep- 
resenting theories of molecular biology", as he summarizes in an abstract in Al Magazine, Winter 1990 pp 9-10 He 
developed three representation models to deal with biochemical pathways, each having different capabilities and using 
different reasoning approaches. Model 1 uses IntelliCorp's KEE frames to describe biological objects and KEE rules 
to describe chemical reactions between the objects, which he recognizes to have serious limitations because is not 
able to represent much of the knowledge available to biologists. The objective of Model 2 is to predict reaction rates 
20 in a given reaction network, incorporating a combination of quantitative and qualitative reasoning about stale -variables 
and their interdependencies. The drawbacks are that this model is not able to incorporate a description of the biological 
objects that participate in the reactions, and it does not have temporal reasoning capabilities, representing just an static 
description of the state variables and their relationships. The third model, called GENSIM and used for both prediction 
and hypothesis formation, is an extension of Model 1 and is composed of three knowledge bases or taxonomical 
hierarchies of classes of a) biological objects that participate in a gene-regulation system, b) descriptions of the bio- 
logical reactions that can occur between those objects, and c) experiments with instances of those classes of objects. 
The GENSIM program predicts experimental outcomes by determining which reactions occur between the objects in 
one experiment, that create new objects that cause new reactions. Characteristics of the GENSIM program that may 
be relevant, although different, for the system of this invention are: a) chemical objects are homogeneous populations 
of molecules, objects can be decomposed into their component parts, and identical objects synthesized during a sim- 
ulation are merged; b) chemical processes represent reactions between those populations as probabilistic events with 
two subpopulations. one that participate in the reaction and one that does not. Those processes can create objects 
and manipulate their properties, but cannot reason about quantitative state variables such as quantities In his words 
-processes specify actions that will be taken if certain conditions hold", and in that sense are like production-rules 
c) restrictions are specified in the' form of preconditions for chemical reactions to happen; and d) temporal reasoning 
is not available, resulting again in static representations and simulating only behavior in very short time intervals 
[0008] The system of this invention integrates a variety of forms of knowledge representation, some of them totally 
novel, while some of these forms may have been treated by other authors similarly in some aspects However, upon 
integration into a totally new approach, that treatment becomes a part of a novel representation and innovative system 
Regarding the semiquantitative simulation component this invention, LE. Widman (1 991 ) describes a semi-quantitative 
simulation of dynamic systems in a different domain, with the assumption that"... questions can be answered in terms 
of relative quantities rather than absolute quantities ... model parameters that are not specified explicitly are given the 
implicit, default values of 'normal' (unity) As it will become clear from the detail descriptions in the following sections 
the innovative tools and methods used in the present implementation are quite different. For example, while he assumes 
that- the default, or implicit, value of 'normal' maps onto unity for parameters and onto zero for variables... ■ the 
assumption in the prebuift modular components in the current implementation differs in that the default value of 'normal' 
may map onto values other than unity and zero, with those values being defined based on expert knowledge. 

III. DISCLOSURE OF INVENTION 

[0009] This invention describes an integrated computer-based system, methods and visual interfaces for providing 
a development and deployment framework for visual modeling and dynamic simulation of Virtual Models of complex 
systems, which can be further integrated with monitoring and control devices to monitor and control the operation of 
the complex systems modeled, based on the real-time simulation of those Virtual Models. The system of this invention 
can be used by scientists to build the Virtual Models, which in turn are to be used by scientists or process engineers 
to design, monitor and control a variety of processing units. The Virtual Models can also be used for information retrieval, 
by using the set of visual interfaces provided to perform a variety of tasks. The available information and data about 
those complex models is stored into modular, modifiable, expandable and reusable knowledge structures with several 
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layers of encapsulation which allows to hide or display the details at the desired level of complexity. More particularly, 
the Virtual Models in the present invention describe visual models of biochemical complex systems, comprising sets 
of icons representing processes and their participants linked into multidimensional pathways, further organized in a 
hierarchy of icons representing discrete time and space compartments, wherein such compartments may contain other 
5 compartments, and wherein those modular icons encapsulate in different layers ail the information, data, and mathe- 
matical models that characterize and define each Virtual Model. 

[0010] Some process industries use large-scale cultivation of microorganisms or mammalian cells, which are extreme 
cases in terms of complexity when considering those cells as the individual manufacturing plants involved in complex 
chemical synthesis. Microorganisms are the preferable systems for producing natural substances that have a multitude 

10 of uses, such as drugs, foods, additives, biodetergents, biopolymers, and other new and raw materials. Mammalian 
cells are the preferable systems for producing potent active substances for therapeutic and diagnostic uses. The pro- 
duction of a particular secreted protein that is produced in very low amounts in relation to other proteins could be finery 
controlled externally by modifying the types and amounts of inputs added, if one could predict what will happen by 
adding those inputs, which requires a good knowledge and a model of such system of reactions. This is particularly 

is the case with biological cellular systems that have a very sophisticated methods to transduce the signals provided by 
ligands in their external environment to the interior ot the cell, resulting in the execution of specific functions. Such 
detailed and accessible mechanistic models of those pathways of reactions are not currently used for monitoring and 
control systems, but would be highly desirable. This invention provides the system and methods that allows scientists 
to visually build detailed mechanistic models of the complex systems involved, and to further develop and use inference 

20 methods to integrate the simulation of those Virtual Models with inputs from monitoring devices, to allow for the intel- 
ligent control of the operation of the complex system. 

[0011] The accuracy and validity of knowledge-based systems correlates not only with the quality of the knowledge 
available to the developers but also with their ability to understand, interpret and represent that knowledge. Because 
of the complex interrelationships driving the biochemical processes within and between cells, it is necessary to provide 
25 the many options for knowledge representation required by those systems. This invention presents a hybrid dynamic 
expert system that combines: a) the inheritance and encapsulation features characteristic of an object-oriented mod- 
eling approach, b) the procedural and rule-based inference capability of an expert system, and c) a model-based 
simulation capability. It is an objective of this invention to provide a framework that: a) allows domain -experts to directly 
enter their knowledge to create visual models, and to modify them as needed based on additional experimentation, 
30 without the need of intermediaries, and b) provides a knowledge-base having a well defined structure for representing 
knowledge about entities, populations of entities, processes, pathways and interacting networks of pathways, providing 
a visual interface and associated methods capable of dealing with incomplete and constantly evolving information and 
data. The data structures and domain-specific knowledge-base are independent of application-specific use, allowing 
the application-specific knowledge-bases to expand without affecting the basic operation of the system. Specific ap- 
35 plications can be quickly built by using the prebuilt building blocks and the paradigm of "Clone, Link, Configure, and 
Initialize". The innovations of this invention include but are not limited to the specific design, integration, and use of 
libraries of building-blocksfor representation, interpretation, modeling and simulation of different types of entities and 
their states, their relations and interactions, the pools of each of those entities in different compartments, the processes 
in which those pools of entities participate, and their discrete compartmentalization in time and space. A large Virtual 
40 Model can be built as a set of modules, focusing each on different subsystems. Each of the modules can be run on 
top of the repository module that contain the class definitions and associated methods, they can be dependent or 
independent of each other, or they can be maintained in separate CPUs and seamless integrated by the Shell's su- 
pervisor Such libraries provide the prebuilt building-blocks necessary for visually representing the vast breath of knowl- 
edge required for building Virtual Models of complex systems in general, and of biological systems in particular. The 
45 building-blocks are classified in palettes that can be selected through system menus. The descriptive information, data, 
and the mathematical models are all encapsulated within the modular components, in the form of attributes or in the 
form of component icons : with a plurality of methods associated with each of the icons. Of importance in simulating 
the behavior of complex systems is the need to model the different quantities and slates at which the entities can be 
found in particular locations at different points in time, and also to model the events that cause the transitions from one 
so state to another, or the translocation from one location to another, or the progress to the next phase in the time sequence. 
Teachings of this invention comprise: the representation of those states, transitions, and locations; and the methods 
to dynamically simulate the dynamics of the pools of entities in each state, location, or phase. In the particular domain 
implemented to illustrate this invention, there are several major types of states and transitions to be considered, de- 
pending of whether the entity to be considered is a biological system, organ, cell, cellular compartment, molecule or 
55 any other of their components. F. The system of this invention allows various bioProcesses to simultaneously compete 
for the contents of a bioPool while also allows one bioPool to participate in various bioProcesses in different capacities, 
with different units within a bioPool behaving in different ways. The result is a very complex multidimensional network 
of composite bioObjects, which provides the matrix for further reasoning and simulation by the program The formulas 
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that provide the values for the encapsulated sets of variables refer to linked bioObjects,, providing the capability of 
concurrently and dynamically compute a large number of processors arranged both in parallel and in series within that 
matrix. Such set of model differential and algebraic equations, together with the set of associated parameters, control 
the behavior of the variables and the system as a whole. The system's variables and parameters are embedded and 
distributed throughout the system of connected structures, encapsulated within the subcomponents that define the 
system's architecture. The compartmentalized bioModels, and the methods attached to them, encode knowledge that 
enables the program to reason about the containment of different parts of the model in several compartments, while 
the architecture of the network of linked bioObjects of diverse types is transparently maintained, regardless of the 
transfer of the bioObject icons to different locations. The modeler can define expert rules to monitor the values of any 
of those variables while the simulation is running, and to either set other values or control the course of the simulation 
in a variety of ways. The expert rules can also reason about time or about events resulting from the simulation and 
direct further actions to be executed by the system. 

[0012] The visual interface further provides quick access to several automated methods for compiling, retrieving 
and displaying the modular components of the visual models as well as the information and data they contain A number 
of functions and visual interfaces can be selected from the menus associated with each of those icons or their com- 
ponents, to extract in various forms the information contained in the models build with those building blocks, such as: 

a) methods to create and display interactive networks of pathways, by programmatically integrating the components 
of the Virtual Model, including branching and merging of pathways, cross-talk between pathways that share ele- 
20 ments, and feed-back and forward loops; 

b methods to perform complex predefined queries that combine criteria related to the structural composition of the 
bioEntities involved, the position of bioPools downstream or upstream of the bioPool taken as reference, the role 
that those poolsof entities play in processes, the location of those pools and processes in the discrete time and 
space compartments, or any combination of them. 

c mothods to dynamically simulate their continuous interactions, modifications, and translocations to other com- 
partments, and the time-dependency of such interactions, optionally using the encapsulated absolute-valued or 
scaled-valued parameters and variables. 

[0013] The examples provided to document the current implementation of this invention focus on modeling biochem- 
ical regulatory processes that are relevant for intracellular or intercellular signaling. This is however one of the many 
potential applications of the system of this invention, and it should not be construed to limit the applicability of this 
system to the numerous other applications that involve complex systems in any other domain, which can be developed 
by minor modifications or additions of the system using the methodology here presented. There are numerous other 
uses of the core system, methods and visual interface of this invention, in addition to the monitoring and control appli- 
cations described here, a particular interest is the modeling and simulation of disease specific conditions and the 
testing the effects - both desired and unwanted side effects- of potential therapeutic agents. This invention also allows 
to analyze disturbances such as potential environmental or biological inducers of disease in both physiological and 
pathophysiological models. The methods included in this invention can in a similar way be used in a variety of appli- 
cations, including but not limited to: simulation and prediction of experimental results; interactive drug design study of 
drug side-effects and multiple drug interactions: simulation of interactive causes in the induction and progression of 
disease, including both biological and environmental lactors; diagnostics and clinical decision support; therapy plan- 
ning; theoretical research; and numerous other applications. 

[0014] The foregoing and additional objectives, descriptions, features, operations and advantages of the present 
invention will be understood from the following detailed description of the preferred embodiments in combination with 
45 the accompanying figures. 

IV. BRIEF DESCRIPTION OF DRAWINGS 

[0015] FIG.1 is a high-level illustration of the various components integrated in the system of this invention to use 
the Virtual Models for control functions. 

[0016] FIG. 2 is an schematic representation of the organization in the system of this invention of the components of 
the Virtual Models in the domain of cell biology. 

[0017] FIG.3 is an schematic representation of the organization in of domain -specific processes in discrete space 
compartments an time compartments. 
ss [0018] FIG.4 is an schematic representation of the handling of the dynamics of the progression of populations of 
cells through different states by means of the sets of pools of cells and processes characteristic of this invention. 
[0019] FIG. 5 is an schematic representation of the multiple layers of linked pools of entities and processes the result 
in the multidimensional pathways characteristic of this invention. 
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[0020] FIG. 7 is a detailed representation focusing on the iconic components ot a process and their relations to its 
sources of inputs and the targets for its outputs 

[0021] FIG. 8 is a detailed representation focusing on the iconic components of a pool of entities and its inputs and 

[0022] S FIG. 12 describes the sets of attributes of the components of a reservoir, focusing on the variables and pa- 
rameters of its model-block component.. 

[0023] FIG. 1 3 describes the sets of attributes of the components of a pool of entities, focusing on its variables and 

[OM^FIG.i 4 describes the sets of attributes of the components of a process, focusing on the variables and param- 
eters of its reactants. . 
[0025] FIG. 1 5 describes the sets of attributes of the components of a process, focusing on the variables and param- 
eters of its engine and products. «,« tfM ^ 
[0026] FIG. 16 shows domain menus of the modeler mode that allow modelers to access the different palettes of 

prebuilt building-blocks. 

[0027] FIG 18 shows an example of a complex molecular structure built with the prebuilt molecular components. 
[0028] FIG. 19 shows a palette with examples of prebuilt model-blocks. 
[0029] FIG 20 shows a palette with examples of prebuilt composite processes. 

[0030] FIG.22 describes the tools for interactively establishing links between components that result in multidimen- 
sional pathways. . 
[0031] FIG. 24 describes a domain-specific compartmentali/ation of the components of a Virtual Model, in this case 
focusing on the sequential phases of a cell's cycle and on its subcellular compartments. 

[0032] FIG. 25 describes a domain-specific implementation of compartmentalized model interacting with each other 
and with the external environment. . 
[0033] FIG.26 describes a domain-specific characterization of the compartmentalized model from an external point 

[0034T FIG.28 is an schematic representation of the combination of the inference and simulation capabilities used 
in this invention to simulate Virtual Models of complex systems 

[0035] FIG.29 is a detailed representation of how in this invention pools of cells interact with pools ol molecules as 
reactants of processes which products are either molecules or cells in a different state 
[0036] FIG 30 describes an example of the predefined Query Panels and their use 

[0037] FIG.31 describes how a user can request from any process within the Virtual Model the dynamic generation 

of the pathways of all the processes that are either upstream or downstream fro m that process. 

[0038] FIG 32 describes an example of the predefined Navigation Panels that the user can request from any reservoir 

within the Virtual Model for the dynamic generation of constrained pathways of all the processes that are either upstream 

or downstream fro m that reservoir, but which are contained within a compartment selected by the user. 

[0039] FIG 33 describes an example of the predefined Simulation Panels that the user can request from any reservoir 

within the Virtual Model the dynamic generation of constrained pathways and for the control of the dynamic simulation 

of the kinetics of those pathways. 

[0040] FIG. 34 describes how such simulation can be followed by plotting the time-series of any of the quantitative 
values of any reservoir and process in the subsystem being simulated. 

[0041] FIG 35 describes an example of the predefined Experiment Panels that the user can select from the domain 
menus to request the dynamic generation of constrained pathways from multiple initial points and for the control of the 
dynamic simulation of the kinetics of those pathways. 

[0042] FIG. 36 describes an example of such set of pathways from multiple initial points . 
V. BEST MODE FOR CARRYING OUT THE INVENTION 



Notes 



[0043] The body of the present application has sections that may contain some discussion of prior art teachings, 
intermingled with of innovative and specific discussion of the best mode to use that prior art in this invention as presently 
contemplated To describe the preferred embodiments, it is necessary to include in the discussion the capabilities 
offered by the shell used as development and deployment framework for this invention (hereafter referred to as "the 
Shell") The applicant specifically notes that statements made in any of those sections do not necessarily delimit the 
various inventions claimed in the present application, but rather are included to explain how the workings of an existing 
set of tools is used to illustrate the preferred embodiments of the new tools and applications claimed in the Claims 
section The currently preferred embodiment of this invention is based on the definitions of a particular Shell: Gensym 
Corp 's G2 Expert System There are several other attributes that relate to the Shell's built-in performance and format- 
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ting capabilities, which are not shown in those examples. Some information included within the body of this application 
was extracted from various sources describing the characteristics of G2, including user manuals (included here by 
reference), and some of this material is subject to copyright protection. 

A. Monitoring and Controlling the Operation of a Reactor Using a Simulated Virtual Model 

[0044] The system of this invention is a hybrid combination of model-based methods describing the explicit mecha- 
nistic reference behavior of the production system with the input from process sensors that monitor the state of the 
production system, triggering event-based control flow of operations characteristic of each system. The system imple- 
ments rules that wait for events to happen. Such events may be complex combinations of individual events, such as 
selected measured values reaching certain predefined or simulated values, or be within certain predefined ranges, 
including the implementation of fuzzy-logic within those rules. Such rules may fired other rules or invoke inferencing 
procedures or cause certain control actions to take place. This system can detect the current status of the production 
system, and when the selected monitored variables reach certain values specified by the simulated values of those 
variables, then certain control action take place. The system provides simultaneous supervision of any number of 
operating variables (such as intermediary or end-products, which in the case of cellular systems can be intracellular 
or secreted), and compares them with the simulated values of those variables and, depending on the dynamically 
monitored behavior of the production system, the control system is able to compensate by feeding components at 
different rates, feeding additional components, or stop feeding some of the previous components. 
[0045] Because of the user friendly and intuitive interface, the bench scientists can participate in the design of the 
production system by editing the knowledge base and the visual models themselves, incorporating information and 
data obtained in their own experimental research or that from other published resources. It allows the direct incorpo- 
ration of research into the scale-up operations. The scientists can rapidly build models by selecting any desired building 
block from the many palettes provided, clone it and drop it on desired compartment, link it to other building blocks in 
the model, configure it by entering values of desired attributes, and initialize it to establish relationships with other 
building blocks in the model. The information and data is entered into the system as attributes of objects, either as 
user inputs, or directly from measuring devices using and interface between said measuring devices and the computer 
system. 

[0046] The system provides a graphical computation and control language, where the objects communicate through 
the links established between them Some of those linkages are built in within the composite prebuilt building blocks, 
while the modeler establishes other links between appropriate components from different building blocks. Other infor- 
mation, such as the name, description, references, or the values of parameters specific for each component are entered 
by the modeler. Variables in this system are themselves objects, and maybe of two major classes: a) one-valued 
variables have only one value which may be either provided during a simulation by a simulation formula or procedure, 
or inferred by any other means, such as rules or general formulas and b) two-valued variables have two values: the 
simulated-value as before, and the measured-value is provided in real time through an external sensor mapped to said 
variable. The one-valued variables are used by default because of their smaller footprint, and their values are provided 
by default by generic simulation formulas that are specific for each class of variable. However, the modeler can replace 
them with the equivalent subclasses of two-valued variables for each instance of a component where the variable is 
mapped to an external sensor and when both the measured valued and the simulated value of such variable is desired. 
The modeler can also write specific formulas for any desired instance of a variable, which then overrides the default 
generic formulas. The inference mechanisms compare the measured value and the simulated-value, either the current 
values or the values mapped at some time point in the past, since the system is able to keep a time-stamped history 
of both types of values, and take specified actions when the inference criteria are met, such as: causing a valve for a 
component feed to be more or less open or closed, or activating or deactivating whole branches of the model pathways 
being simulated. 

[0047] As shown in FIG.1 , a system of this invention is composed of: 

a) a reactor ( 1 02) which may comprise any combination of reaction tanks, fermentors, bioreactors, or other process- 
50 ing units; 

b) one or more data acquisition devices (108) which may comprise any combination of hardware and software 
devices, such as sets of sensors (106) that measure the amounts of selected chemicals in the-reactor, signal 
transducers, filters, amplifiers, data acquisition boards, appropriate device drivers, or any other required devices; 

c) one or more computer systems (112) comprising CPU, memory, storage device, display, user input device, linked 
55 (110) to the data acquisition devices (108); 

d) one or more computer programs (114) and one or more computer Virtual Models (1 16) of pathways of chemical 
interactions and other processes in the reactor (102) ; wherein the computer programs (114) and the Virtual Models 
(116) are used to quantitatively or semi-quantitatively simulate in real-time the Virtual Models (116), wherein the 
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Virtual Models encapsulate one or more variables (118) that represent the quantities ol certain monitored entities 
in the reactor (102) and one or more variables (128) that represent the quantities of certain entities or certain 
events which when reaching certain values during the simulations of the virtual Models (116) by the computer 
programs (114) trigger certain control actions that affect the operation of the reactor (102). and wherein both the 
5 computer programs (114) and the Virtual Models (116) are loaded in the memory of one or more of the computer 

systems (112); 

e) one or more monitoring interfaces (120) loaded in the memory of one or more of the computer systems (112), 
which act as bridges (122) or software interfaces between the data acquisition devices (108) and the computer 
programs (114) and allow passing of values (124, 126), such as the values of the amounts of certain entities in 

10 the reactor (102), as measured (104) by the corresponding sensors (106), to the corresponding variables (118) 

embedded in the Virtual Models (116) that represent said amounts; 

f) one or more controller devices (138) which regulate the operation of the reactor (102), such as controlling the 
flow of certain inputs (142) to the reactor (102), wherein the controller devices (138) are linked (136) to the computer 
systems (112); 

is g) one or more controller interfaces (130) loaded in the memory of one or more of the computer systems (112), 

which act as bridges or software interfaces between the computer programs (114) and the controller devices (1 38) 
and allow passing of control signals generated by the computer programs (114) as a result of the values of any 
combination of any number of variables (128) embedded in the Virtual Models (116) reaching certain values. 

20 [0048] FIG.1 also shows the directions of flow of data and control in the system of this invention. The amounts of 
certain entities, which are specific for each particular process design, are captured (104) by the corresponding set of 
biosensors (106) and, through the data acquisition devices (108), those values are passed (124) to the monitoring 
interface variables, which in turn pass those values (126) to the corresponding variables (118) in the Virtual Models 
(116) that represent those values. Those variables (118) are integrated with many other variables and parameters 

25 embedded in the Virtual Models (116) during the real-time simulation of the Virtual Models (116), including other vari- 
ables (128) embedded in the Virtual Models (116) that represent quantities, rates, or other events, and which are 
monitored by the programs (114) during the simulation. Whenever during the simulation the values of any combination 
of any number of said monitored simulated variables (1 28), which are specific for each particular process design, reach 
certain values then the programs (114) pass control signals (134), through the appropriate control auxiliary structures 

30 (1 32) in the controller interlaces (1 30), which are forwarded (140) to the controller devices (1 38), which in turn control 
the flow of inputs (142) and regulate (144) the operation of the bioreactor (102). which is being monitored (104) in a 
continuous manner. 

[0049] Depending on the application requirements, the interfaces may provide bridges to Supervisory Control and 
Data Acquisition (SCADA) systems, Distributed Control Systems (DCS) or Programmable Logic Controllers (PLCs), 

35 with the adequate protocol drivers, as well as to relational databases, object-oriented databases, ASCII files, as well 
as to a number of other connectivity applications, allowing the program to send or receive values over said interface. 
[0050] The knowledge-based Virtual Models include model-based reasoning that models the dynamic behavior of 
processes on the reactor. This mechanistic approach may involve any number of variables to be monitored, including 
those measured and monitored in the reactor and those simulated and monitored in the Virtual Models. The Virtual 

40 Models provide a visual qualitative and quantitative description of processes that happen inside of the reactor, as well 
as a description of the participants in those processes. The system of this invention separates the representation of 
the physical systems as Virtual Models from the monitoring and control aspects, allowing to integrate the same Virtual 
Models with different combinations of monitoring and control designs, to solve different production needs. 
[0051] The present invention also refers to a domain-specific, application -in dependent, framework to construct spe- 

45 cific and interactive information, modeling and simulation applications in the chemical and biochemical domains. It 
provides a variety of tools, graphical interfaces and associated methods to provide users the capability to extract, 
interactively or automatically, the integrated knowledge contained in those applications or models build by the modeler, 
and to further use those models, among other uses, to navigate through the pathways of processes and explore those 
processes and their participants, or for quantitative real-time dynamic simulations. The system comprises diverse sets 

so of objects representing either entities or concepts, hereinafter called bioObjects, and other auxiliary structures, which 
in general are referred as tools, arranged in object-class hierarchies and workspace hierarchies. Methods may be 
associated with a class of objects, an individual instance of a class, or a specified group of instances within a class. 
Libraries of prebuilt knowledge-based generic bioObjects arc provided as the building blocks that can be combined in 
prescribed ways to create diverse and new knowledge structures and models. 

55 [0052] In the description of this invention, the following clarifications should be noted: 

a person using the underlaying Shell to define the domain-specific application-independent but knowledge-based 
classes of objects, their associated methods, and the prebuilt knowledge-based building blocks is hereinafter re- 
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ferred to as a •developer", while the person using those building blocks to build application-dependent models, or 

expanding the libraries of prebuilt bioObjects, is hereinafter referred to as "modeler', and the person that extracts 

and uses the accumulated knowledge and runs simulations, is hereinafter referred to as a "user*. 

a window refers to a display of the program on a computer screen, while a workspace refers to one of the many 

containers of objects that may be displayed within a window, and the subworkspace of an object is the workspace 

that may be associated with that object and may encapsulate the components of that composite object; 

the selection of a menu option is equivalent to clicking on that option, and both expressions are used in the following 

description of this invention; 

e) expressions similar to "selection of option A displays B" is a short form meaning something similar to "se- 
lection ol option A causes the invocation of the action or procedure specified in the definition of option A and, 
as a result of the execution of such action or procedure, B is displayed in the window from which option A was 
selected" 



[0053] The object-oriented approach provides a powerful knowledge representation of physical entities (such as 
organs, cells, DNA, enzymes, receptors, ligands, mediators, or ions) and conceptual entities (such as processes and 
cellular interactions, quantities and rates). Data and behavior are unified in the objects. Objects are defined following 
class hierarchies in which the definition of each class specifies the types of attributes characteristic of ail subclasses 
and/or instances of that class. Encapsulation permits to hide the details behind each object, and encapsulation is 
implemented in two different forms: a) at the attribute level, is the standard form of encapsulation of object-oriented 
approaches; and b) at the workspace level, a less common form of encapsulation related more to the iconic approach. 
Multiple levels of workspace encapsulation are supported (FIGs 18 and 24), allowing modules with a multilayered 
structure with increasing levels of detail. The subworkspace is not inherited through the class hierarchy, neither are 
the components. However, once a generic instance for a class is completed with components in its subworkspace, it 
can bo added to the corresponding palette (FIGs 18, 20, 23) as a prebuilt building block, and the resulting composite 
object can be cloned, in which case all encapsulated levels of subworkspaces are also cloned The interpreted domain- 
specific framework approach is easy to use and allows rapid building of iconic models. The domain-expert knowledge 
is represented in an easy to understand declarative from, separated from the methods that specified how that knowledge 
is used by the program. The iconic approach allows the user configuration for building of models to consist primarily 
of connecting iconic objects and filling out their tables of attributes. The visual framework enables reasoning about the 
interactions between objects and their compartmentalization. This graphical programming capability allows the con- 
tinuous expansion and modification of the system, necessary for this type of applications, by scientist modelers with 
no programming skills. Its modularity allows to delete, modify or create parts of the system without affecting the oper- 
ation of the rest of the system. The knowledge can also be extended and reused under different contexts, and in 
different new applications. The same hierarchic architecture used to develop the bioObjects can be extended by the 
modeler to expand the libraries of bioObjects, creating new objects or by cloning, configuring and modifying existing 
ones. 

[0054] The principle followed in the design and implementation of this invention is the breaking down of the knowledge 
about entities, processes and pathways down to smaller functional units, to a level where the following requirements 
can be met: a) allowing their repeated use as building blocks in a variety of situations; b) allowing access to the structures 
and processes that are susceptible to control and regulation; and c) keeping the number of units manageable. The 
functional units are composite bioObjects with further components, such as: a) other iconic bioObjects on their sub- 
workspaces, b) buttons to request data displays or input panels, and c) non-iconic objects which are either attributes 
of other objects, such as domain-specific variables, parameters, lists or arrays. Methods refering to the bioObjects, 
their attributes, or their components, such as actions, formulas (Tables 1-7), relations, rules (Tables 9-11) and proce- 
dures, and which can be invoked interactively by the user from either the bioObjects or their components or from the 
domain-menus, or invoked programmatically by other rules or procedures, are hereinafter referred to as the associated 
methods. It is an object of this invention the manner in which the combination of those types of knowledge structures 
encode, in a distributed form, the data and the knowledge that enables the system to compute and to reason about 
conditions and events defined by the developer, the modeler, any other external source, and/or generated during a 
dynamic simulation. As can be observed by comparison with the prior art, the form of knowledge representation and 
the overall organization of the system object of this invention offer a very different and innovative approach that not 
only integrates the qualitative and quantitative description of chemical and biochemical objects with a set of state and 
dependent variables, such as amounts and rates, incorporates temporal reasoning and generates dynamic simulations. 
55 Composite bioObjects represent either: 

a) the descriptive characterization of single units of molecular entities, molecular subcomponents, or molecular 
complexes, called bioEntities (FIG. 18); 
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(FIG 7) . . nohunrl(5 of oathwavs composed of sets of linked bioReservoirs and bio- 

d) the organization and mtegraUon ofr J2^»SSS^bloMod*(Fiaa4). Low level bioModels can 
Processes (FIGs .7,8) organized in compartments he ^"^^ a " e ° resenljng he subcellular organelles and the 
be further organized in discrete '-^^ level compartments representing 

phases of the cel. cycle '•■P^*^'* " ^ subclasses at dM erent levels of complexity 

single cells. All those types compartments are themselves 
and detail in a hierarchy of subworkspaces. 

particular systQm. mflthnHc e uch as nrocedures, rules, formulas and relations, 

10057] in the current implementation of this invention ■ "^J^^J^ of instanC es, or to a class or a 
defined in a structured natural language, may objects Methods may refer or 

group of classes, and they may include references to c ^^^^ iMm „ parameters over time. They 
apply* to the va,ues of attributes at different ^n - inte(v ^ te . or c) upo „ request from 

to simulate both analytic and/or heuristic behav.or. inn0 vative teachings of this invention which reler to 

models of complex molecular mechanisms and pathways, allowing to: 

a) interactively navigate through those pathways (FIGs 31 32 35 36), involved, b) the position of 

b perform queries that refer to: a) ^^^^J^^^S^ * cellular compartments 

cTdynlcany simutate the kinetic interactions between the b.Reservoirs and bk>Processes, to mim* the regu- 
lation and function of cellular systems (FIGs 33, 34). 

T00S9] The sys.m o, th* invention can be ^^^^^^^Z^^- 
expertVtemdeve.opmentenv^^ of and software 

or it can also be developed in total or in part from ^*'J»*2™* that provides the capacities and means 
p,atforms, either already existing or developed for ^^TJ^tml^ to below are common to other 
required for this implementation. While ^J^^^^^ may be currently specific for G2, but 
static or real-time expert-system devetopment the capabilities provided by the Shelf are: 

equivalent capacities can be expected to be d^ped b ^9 P & ^ 
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tracing and debugging facility, and support for distributed applications. 

[0060] The Shell's class object-definition provides templates to define the attributes of new classes ol objects, such 
as: the names, types and default values for new attributes for that class, an icon specific for that class, and stubs that 
define the types of connections. Instances of the so defined classes can be createdprogramatically, in which case they 
5 are transient but can be made permanent; or by selecting the "create-instance" option from the menu of the object- 
definition. Additional instances can be also created by selecting the "clone" option from the menu of a previously created 
instance. 

[0061] Each variable has an attribute called data-server, which value determines how said variable receives its value: 
from the inference engine, the simulator, or interfaces to external monitoring devices, databases, or file systems. By 
10 default, in he current implementation of this invention, the variables are simulation variables, which means that their 
data-server is the simulator. A simulation variable may have two values: the current value may be optionally provided 
by inference engine or one of the interfaces, while the simulated value is provided by the simulator. In those instances 
where the variables correspond to substances that are being monitored in the reactor, the variables are then set to 
receive two values, the current measured value, provided by the external sensors through the appropriate interface, 
and the simulated value. The non-simulated values may be set to expire after a desired period of time, so that the 
inference engine seeks a new value when needed. Different part of the simulation may run at different times, as desired. 
[0062] The current implementation of this invention also allows the inclusion of fuzzy-logic statements, such as il ( 
y < 6 (+-3)) /= (z > (+-2)) in the inference engine, while the simulator only uses discrete values. Fuzzy operators 
comprise: is more true than, is less true than, is not more true than, is not less true than, =, and /=. The fuzzy truth 
values are assigned to expressions with a fuzzy truth band in parenthesis, such as: the concentration of receptorl > 
0.8 (+-0.2). The truth-threshold is set for the inference-engine as a whole. For example, if said threshold is set to 0.7, 
for the antecedent of a statement to be true it must be greater than or equal to 0.7. This invention improves the control 
of the sequential addition of inputs to the reactor, at times and in amounts that are appropriate for the current status 
of the biochemical processes within the reactor. In the examplebelow, it is expected that the concentration of receptorl 
expressed on the coll surface, which is available for detection by the receptorl-sensor, is induced at some point by 
some internal events that happen inside of the cell. Such internal events are the result of complex interactions, induced 
by the occurrence of some combination of previous events, including those events induced as a result of some previous 
addition of some other ligand, or any other chemical or combination of chemicals, controlled by one or more other 
pumps controlling inputs to the reactor This fine control based on the knowledge about the mechanisms involved 
30 avoids, for example, to add costly ligandl to the reactor at a time when the cells are not ready to use it, with the likelihood 
that it will be destroyed by other enzymes, and the risk that it will not be active when the cells become ready to use it 
at a later time. It also could prevent that ligandl exerts damaging effects to the cells when provided when cells are in 
the wrong state, as it has been demonstrated for various compounds that induce programed cell death when signal 
from said compounds are transmitted to the cell in the absence of other required signals. An example of such control 
statement using fuzzy-logic is: "if the average over the last 3 minutes of the concentration of receptorl > 0.8 (+-0.2) 
and the average over the last 3 minutes of the concentration of ligandl < 0.5 (+-0.1) and the average over the last 3 
minutes of the flow-of-pump-L1 = the flow-of-pump-L1 then conclude that the flow-of-pump-Ll = the flow-of-pump-L1 * 
1 .2 and call adjust-flow-of-pump(flow-of-pump-L1 )" wherein: a) the concentration of receptorland the concentration of 
ligandl are variables coupled to the corresponding sensors for those substances in the reactor; b) the statement "the 
average over the last 3 minutes of the flow-of-pump-L1 = the flow-of-pump-L1 B prevents additional changes in the flow 
for an specified period of time, to allow the system to adjust to the last changes; and c) adjust-flow-of-pump(flow-of- 
pump-L1 ) is a remote procedure call that activates the external device that controls the pump controlling the delivery 
of ligandl, while passing the value of the variable flowof-pump-L1 to it. 

[0063] In an alternative implementation, the bioPools of the components that regulate critical cellular events, or of 
those that are monitored in the reactor, may have an additional attribute defined as a fuzzy logic parameter which value 
can then be accessed by different monitoring/control statements. Fuzzy values may take values from -1 .000 true (cer- 
tainty of being false) to 1.000 true (certainty of being true). The value of said parameter could be provided by a rule, 
or by a generic or specific formula defined by the modeler, which is dependent on either the measured or simulated 
value of the corresponding concentration variable. For example, said fuzzy attribute may be called Availability, and its 
so value could be provided by a rule, such as: "if the concentration of any substrate S > the Michael is -constant of S (+- 
the Michael is-constant of S/2 ) then conclude that the availability of S is true". The monitoring/control rules could then 
refer to such fuzzy logic variables being true or false, and would allow the modeler to modify the rules for single or 
groups of bioRoservoirs, without the need to modify the control rules, such as: "if the average over the last 3 minutes 
of the availability of receptorl is true and the average over the last 3 minutes of the availability of ligandl is not true and 
ss the average over the last 3 minutes of the flow-of-pump-L1 = the flow-of-pump-L1 then ..." 
[0064] The current implementation of this invention also allows to: 

a) use the simulated Virtual Model to entirely take control of when and how the inputs are added to the reactor. 
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(or the outputs, such the culture medium or cells, removed): or 

b) synchronize the simulated model to the processes in the reactor, by allowing certain critical measured values 
from the reactor to provide the values for their corresponding variables in the simulated model, which are then 
used by other dependent variables and propagate down the simulated model. 

B. The Virtual Model: Domain Specific Knowledge Representation 

[0065] The computer system, methods, and interfaces that are the objects of this invention can be applied to visually 
model and quantitatively simulate any type of complex system involving any type Qf processes and their participants. 
The set of palettes of prebuilt building blocks provided should reflect the needs of the particular domain in order to 
facilitate the tasks of the modeler, permitting the basic paradigm of 'Clone, Link, Configure and Initialize" and other 
automated methods A library of prebuilt Query Panels and other panels, such as Navigation, Simulation and Experi- 
ment Panels facilitate the tasks for users to rapidly extract and dynamically use the knowledge and data contained in 
each specific application. The description that follows is based on one particular domain, that of biochemistry, to illus- 
trate one of the implementations of such computer system, methods, and interfaces. However similar computer sys- 
tems methods and interfaces can be implemented in a similar manner for domains other that of biochemistry. For 
example in a business domain, what in this description is called bioEntities can be substituted with different types of 
entities, such as employees or projects, and bioProcesses can be substituted with the different activities in which both 
interact the bioReactants with the roles they play in such activities, which frequently may involve other participants. 
Employees are like enzymes, with the more capable having higher rate-constants. Projects are like the substrates, 
and employees may have higher affinities for some projects, with a likelihood that they will interact in a process in 
which a quantifiable measure of the outcome, such as quantity or level of quality, will depend on quantifiable measure 
of the employee, lets say amount of time put on that project and level of specific experience. The bioPool of each 
employee could represent his/her time, and the max-amount could be set to a day, a month, a year, or any other 
amount. The Contribution to each project would be the amount of time invested in that role, while the different activities 
will compete for the time left available. 

[0066] In the remainder of the description of this invention, the focus will be on biochemical systems, which are 
complex, hierarchical, heterogeneous and non-linear systems, involving an interplay between the processes of trans- 
port, reaction and conformational change. They are regulated by cybernetic flows of information. This invention uses 
a kinetic approach to model these chemical and biochemical systems, rather than a thermodynamic interpretation, 
although thermodynamic variables are also included to allow modification of the behavior of the kinetic system. The 
current approach, which focus on the amounts of entities, such as concentrations, densities, scaled-amounts, or other 
quantities of each bioPool of cells, molecules, or molecular complexes, in a particular state, as a continuous function 
of time and on specific coefficients or rate constants that, in conjunction with the current values of those amounts, 
define the velocity of a bioProeess, and the rates of consumption of certain bioReactants that participate in such bio- 
Process or the rates of production of its bioProducts, which are dependent on such velocity and specific stoichiometric 
coefficients, and which are equivalent to the rates at output and input from their connected bioPool, respectively. This 
kinetic approach is closer to the way of thinking of biochemists. 

[0067] The cellular representation in this invention aims to reproduce the fact that function emerges from the coop- 
eration of many components, which depends on compartmental organization and functional relationships, and deals 
with multiple levels of biological and biochemical structural complexity, such as physiological systems, organs and their 
compartments, cells, subcellular organelles, and molecules. The schematic representation on the left side of FIG.2 
shows an abstraction of the types of molecular and cellular relationships and interactions that are modeled and simu- 
lated with unlimited levels of encapsulation allowing to start with a high-level representation, and then successively 
■clicking- into objects of interest to show the next level of detail. This high-level example can be summarized by what 
a biomedical expert could describe as "Oncostatin M (201) induces different responses on different cell types: a) it 
induces certain classes of cells (202) to secrete the cytokine IL-6 (203); b) it induces differentiation of primary, coble- 
stone-like AIDS-KS cells (204) into mature spindle-like AIDS-Ks cells (205), which are capable of long-term growth in 
agar when c) both Oncostatin M and IL-6 are present". This statement and its graphic representation combine knowl- 
edge at very different levels of detail, equivalent to the way human mind can abstract knowledge. For instance, it deals 
with both molecules and cells as entities as if they were similar types of structures, when that is very far away from the 
reality. Cells are composed of thousands of different types of molecules, in some cases, an overall pathway within the 
cell can be known to some extent while in others the mechanism of a biological response may be totally unknown. 
[0068] The system of this invention can be described in very similar terms. On the one side, bioPools of cells and 
molecules can interact with each other, in any combination in a variety of bioProcesses, as shown in FIG.29. On the 
other side, as schematically shown on the right side of FIG.2, the components of each type of cell can be modeled and 
analyzed at increasing levels of detail, as encapsulateed in various layers of bioModels (202 - 212, 216, 217), until at 
the end of the layer hierarchy (213) the single bioProcesses (214) are represented, and their associated bioReservoirs 
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(21 5), which point to their associated bioEntities (not shown). In general, the signals transmitted by the cellular signaling 
or regulatory pathways progress within each cell in repeated cycles, driven by external and internal events, and some- 
times time, in a synchronous way, and they may extend from cell to cell, sometimes activating the producer cell as 
well. A typical but simplified high-level example of a cellular signaling pathway driven by a certain agonist, such as 
Oncostatin M, is shown in FIG.2 as: agonist (201) -» receptor activation (206) -> signal transduction (207) -> gene 
transcription (208) -> mRNA processing (209) -> protein synthesis (210) -» secretory protein processing (211 ) -> trans- 
port (receptor activation). By clicking on objects at each level, one can focus on specific areas at the desired level 
of complexity. To represent biochemical systems it is necessary to refer to the characteristics and current state of single 
entities, and at the same time to refer to populations of entities with similar properties. In a small application for molecular 
genetics, Karp (1989) was only able to represent and implement the overall system either as a network of molecules 
interacting in a pathway or as a network of variables quantitatively representing the processes in a pathway, as sep- 
arated systems, but he was not able to integrate both. This integration is one the teachings of this invention. Further- 
more, contrary to the system of this invention, his representation was static and did not include temporal reasoning, 
having all processes represented as instantaneous reactions. 

[0069] FIG. 3 shows how the intermediate submodels are preferentially organized in two types of superior compart- 
ments (301) of a cell represented by the different subsequent cell states represented by the cell-phases (302 - 308), 
and within each of those the cell -compartments (309 - 316) that represent the different cell organelles. Each of the 
cell-phases contain a detailed description of large numbers of components, encapsulated in the different sublayers, 
and a set of characteristic parameters and time-variant attributes (31 7 - 320) that can be used to model the progression 
of a population of cells - those compartments. That concept is schematically represented in FIG.4, where some of the 
cells of that population X1 may keep cycling through those phases (401), as represented by the bioPools of cells in 
each phase: Go (404), 6^(406), G 1 2 (409), S (411), G 2 (413), and M (416), if some specific and required conditions 
are met, as specified by their corresponding transitions represented here by the trans location -bioProcesses (405, 408, 
410, 412, 415, and 417), or they can exit the cycle if other set of conditions are met (407) and differentiate to another 
related cell type characterized by different functions and therefore a different coll cycle (402, 403) or if yet other set of 
conditions are met (407) they may dye by programmed cell death or apoptosis (414). 

[0070] A cell-bioModel is represented as a set of bioReservoirs and bioProcesses, systematically organized in the 
subworkspaces of other bioModels contained in such cell-bioModel, which represent each a separate compartment in 
time and location, and within those, sets of biologically related processes or pathways. At a higher levels of organization, 
bioProcesses connected to bioReservoirs of cells or cell-interactions, are organized into bioModels that represent 
organ compartments, which are organized into organs, and which are organized into into physiological systems. Dif- 
ferent cell-bioReservoirs encapsulate either populations of different cell subsets or populations of the same cell subset 
in different stages or in different locations. Each of those cell-bioReservoirs makes reference to a predefined cell- 
bioModel, which has a characteristic phenotype representative of the population of cells encapsulateed in that cell- 
bioReservoir. The different phenotypes may characterize: a) different cell lineages, b) different stages of differentiation 
within the same cell lineage, or c) cyclical changes in the cell characteristics over time, within the same differentiation 
stage. Phenotypes are sets of characteristics measurable on intact cells, and the transition of cells from one phenotype 
to another are represented in the present embodiment of this invention as a translocation of a fraction of the cells from 
the cell-pool of the former subset to the cell-Pool of the later subset. The events that trigger those transitions may be 
unknown, but they may be recognized by changes in measurable or functional markers, such as the appearance of a 
new receptor, the synthesis of DNA, the secretion of specific interleukins, or mitosis, and the relative time in which they 
appear or disappear may be known, in which case those transitions are time-driven. More specifically, a cell-bioEntity, 
which is a high-level external representation or description of a cell, may make reference to a cell-bioModel, which is 
internally characterized by its components and mechanisms, represented by the pathways of bioReservoirs and bio- 
Processes. 

[0071] FIG. 5 is a diagrammatic introduction to important concepts upon which much of the processing and reasoning 
of the current invention is based, where the different layers of arrows represent the direction of flow of information and 
data. In this system, pathways refer to sets of alternating layers of bioReservoirs and bioProcesses connected to each 
other to indicate participation of the populations or pool of chemicals represented by the bioReservoirs in the processes 
represented by the bioProcesses, and to further indicate that the processes represented by the bioProcesses provide 
inputs to the pool of chemicals represented by the bioReservoirs. The result of those specific connections is a multi- 
dimensional network of interconnected biochemical pathways that determines the basic architecture of this system. 
That basic architecture also defines the resulting network of parameters and variables, and the specific arguments for 
the generic formulas that provide the values for those variables are determined by those connections. A bioRosorvotr 
(501) is an iconic knowledge-structure that encapsulates a bioPool, which refers to a population of a single type of 
molecule or complex contained within an imaginary space. A chemical process is represented as a bioProc©ss (502), 
an iconic knowledge-structure that encapsulates various components, including a bioEngin© (504) that controls the 
Velocity at which the input(s) of the bioProcess, the bioReactant(s) (503). are consumed and the output(s), the bio- 
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Product(s) (505), are produced. BioReactants can also be said to represent the partic.pat.on of certain numbe of 
units of I bioPool as the input to a gK/en bioProcess. and more specially the ro.e that such number of unrts of_ the 
bioPool play in such bioProcess. BioProducts can also be said to represent the part icipafon of certain units of a bioPool 
as output from a given bioProcess Both types of knowledge-structures integrate bioProcesses with bK>Re .servers > ir a 
complex architect that allows to mode, the kind of complex systems and muttkiimensional ' 
acteristic of thedomain ol this invention In such integrated system, units from the bioPool of a consumable b.oReactant 
are transferred to the bioPool(s) represented by one of its bioProduct(s), at a dynamically computed rate. The term 
upsSaJ t ^ used hereatter to indicate those bioReservoirs, bioProcesses. or pathways that affect the inputs to a g,ven 
bbR^oir or b.oProcess. while the term downstream is used hereafter to indicate those bioReservo.rs. bioProcess- 
es or pathways that are dependent upon the outputs to a given bioReservoir or bioProcess. 

foW The fast and short-term regulation, such as the temporary inhibition or act.vat.on ol enzymatic activity is mod- 
eled through separate bioPools of the more active and less active (or inactive) forms. Each modification ot molecules 
or complexes that results in qualitative or relevant quantitative changes in their activity or lunction. is represented as 
uanSr of units between those different bioPools. Examples o, those mediations include post-transtet.na^ modifi- 
cations of proteins, including allosteric changes, such as phosphorylation, .soprenylation, and so onjhe stowe tong- 
term regufction of enzymatic activity is modeled by induction or depression ot protein synthesis, which optimizes rts 
concentration tor the newly required function. Constitutive enzymes and receptors are cons,dered to be synthesized 
Tnd degraded at a constant rate, resuming h a constant steady-state level, .n regulated molecule, ™<™"« 
signals such as the extrace.lu.ar availability of a hormone or growth factor may cause the rate of q>M»M^ 
of new surface receptors to increase X-told. II the rates o( outputs are not concurrently and equally regulated by he 
same factor, then a new steady-state level wil. be reached, which may or may not return back to a ^ *° 

activating signal ceases. Examples of those modifications include: a) gene mutations and other mod.f.cat.ons, b) DNA 
transcription c) post-transcriptional splicing and other modifications of RNA, and d) translat.onal regulation 

bIoPoX bioReactants. bioEngines. and byproducts are classes of basic bioObjects that further encapsulate 
a variety of knowledge structures, including quantitative attributes, parameters and variables, which values, prov.ded 
by s muUion formulas, can be dynamically simulated in real-time. The amount of such unrts composed .n a b.oPool. 
™emed by T* Variable such as Concentration or other appropriate amount, is dynamically computed at run t.me, 
pTrtTng °ul an initial value or basal-amount set by the modeler, or in its absence, from a default va^by tt, 
developer The arguments of the variab.es of these basic know.edge structures are the output values of certa, p other 
variables and/or parameters that are attributes of either: a) the same bioObject instance or b) .nstences of °™«aed 
bioObiects of different classes. For instance, an argument for the Consumption-Rate of some btoReactants (503) and 
for the Production-Rateattributeof any bioProduct (505) is the valueof the Velocity attribute of the cor^. eotecl ^^"^"^ 
£2) while the values of the Contribution attribute of each bioReactant may be arguments of the Veloc ty attnbute of 
he b ioEngine. Furthermore, the Production-Rate (506) of some bioProducts and the ^T^S^S £ !T cn 
bioReactants are arguments for the Input-Rate and the Output-Rate attributes, respectively of the b oPool o wh ch 
they are distantly connected, while the argument of the Contribution of any bioReactant (503 may be he value of the 
Concentration attribute of the connected bioPoo.. To.d in a different way, note that: a) the flow of data between the 
bioPool and a bioReactant is bidirectional, involving two variables in the bioPool and two in the b-oReactan^ b) the 
flow of data between a bioReactant and the bioEngine is bidirectional, involving two var.ab.es .n the b.oReactan and 
one inthebioEngine.Otheflowof data between the bioEngine and a bioProduct is unid.recfonal^ involving one variable 
Tn the bioEngine and one in the bioProduct. and d) the flow of data between a bioProduct and the bioPool .s un.d.rec- 
"onal. involving one variab.e in the bioProduct and one in the btoPool. The reversibility of any repre- 
sented in two attemative ways: a) imp.icit.y reflected in the output of a single ?™" S ^*^J™*™" £ 
predominant direction (as represented by the specific or global kinetic parameters), or b) expl.c.tly modeled as two 

separated processes in the forward and reverse directions. 

f0074] The value for the basal-concentration. basaWensrty or basal-scaled-amount parameters of each population 
eflects the physiological steady-state value, when the rate of change is equal to 0 or equivalent* when the sum of 
Ihelnputs equals the sum of the outputs. Concentrations are used in genera, within classes of b,oPoo.s 'epresenUng 
soluble entities. However, as it is found empirically in biological systems, most most entities are assoc.ated w.th , mem- 
branes, with large polymerized structures such as the cytoskeleton or the extracellular-matr*. °' assorted w*h one 
or more other nLromo.ecu.es forming complexes This means that the concentration of those bound entrt.es ,s less 
relevant than the actual amount of those molecules that are available in the appropriate compartment at a grven , t.me 
and therefore the term density is used to represent units per compartment. Furthermore, most s.mula t.ons of b'olog cal 
systems are more meaningful in terms of relative amounts or ratios among the quantities of .nteract.ng or regulatory 
molecules, and therefore the attemative variable called scaled-amount is provided for each b.oPool, wh.ch ,s d.men- 
sionless and does not require units. The values of the Velocity of the generic bioEngines, as prov.ded .n the Palettes, 
are computed using the default generic simulation formulas associated with the subclass of parameter or vanable 
associated with it, which by default are dependent on the values of a set of scaled variables and parameters The user 
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can however replace them with instances of other velocity-pvar subclasses from the library provided each with its 
associated generic simulation formula based on absolute values (Table 3), depending on the subclass 
[0075] Life and growth depends upon closed cycles of mutually dependent interactions, and the steady-state corre- 
spond to an optimum state, since the lack of such balanced state would lead to rate-limiting steps. The principle un- 

5 derlaying this system's dynamic modeling is the network of a combination of state and dependent variables, encapsu- 
lated within the structure of the bioObjects contained in the specified bioModel. The bioObjects provided are pro- 
grammed by default for steady-state modeling. A dynamic simulation is initiated after the introduction of desired per- 
turbations or initial conditions by the user, and the input data initiates a forward chaining which involves both control 
and data flow from bioReservoirs to its connected downstream bioProcesses, and from these to their connected down- 

10 stream bioReservoirs, moving along the bioModel's pathways. Inputs from external control systems or databases can 
be also forward-chained during run-time. Other parameters and variables defined in the system of this invention are 
also involved in the dynamic quantitative simulationsand can be incorporated in two distinct and alternative forms of 
simulation reasoning, absolute or scaled. For example, the factors that affect and define the transformation rates, such 
as the catalytic, binding or transfer rate of a bioProcesses (here preferably encapsulated as the Velocity attribute of 

is its bioEngine), are distributed as attributes of the various connected bioObjects and comprise: 

a) the quantities of the bioReactants of different types, such as enzymes, substrates, inhibitors, and activators, or 
receptors, agonists and antagonists, or components of a complex (here preferably encapsulated as the Concen- 
tration, Density, or Scaled-Amount attribute of the bioPool connected to each bioReactant, which values can be 

20 directly incorporated into the equation that gives the value of such Velocity, when using the absolute reasoning; 

or indirectly incorporated into the equation that gives the value of the Contribution attribute of each bioReactant, 
which holds an intermediary scaled value that is incorporated into the equation that gives the value of such Velocity, 
when using the scaled reasoning); 

b) the values of specific kinetic parameters characteristic of each type of bioReactant (here preferably encapsulated 
25 as: the Effective-binding-sites attribut e of enzymes and receptors, and the Michaolis-constant, Equilibrium-disso- 
ciation constant, or equivalent attribute of substrates, ligands. or other bioReactants, respectively, which values 
can be directly incorporated into the equation that gives the value of such Velocity, when using the absolute rea- 
soning, or, alternatively, the Scaled-Michaelis.k, Scaled-equil dissoc.k, or equivalent attribute of substrates, lig- 
ands, or other bioReactants, respectively, when using the scaled reasoning), or, alternatively a global kinetic pa- 

30 rameter specific for that bioProcess that replaces and represents the combination of the specific parameters of 

. each of the bioReactants of that bioProcess (here preferably encapsulated as the Rate-constant-sec attribute of 
its bioEngine): 

c) the stoichiometric coefficients (here preferably encapsulated as the Stoichiometric-coeff attribute of bioProducts 
and bioReactants); and 

35 d) the effects of environmental conditions such as temperature and pH are also specifically defined as attributes, 

and can be integrated into the simulation within the appropriate equations. 

[0076] Chemical and biochemical reactions are continuous processes, within the time intervals that are dependent 
on the type of reaction and the environmental conditions, with the balance of the reaction favoring in general the forward 

40 direction, in the preferred embodiment of this invention, the specific way the bioObjects are connected specify the 
sequential or concurrent ordering of data flow, and the parameters of model equations are included as object attributes. 
Model-generated results may be used as input data for other simulated equations or as events to be used by the 
inference engine. These dynamic models can also reason about the behavior of variables in the past and project the 
behavior ol variables into the future. Integrating the activities of the different parts of a model system requires the 

45 simultaneous solution of a set of non-linear ordinary differential equations and a set of dependent algebraic equations. 
In this invention, this system takes advantage of the two methods of explicit integration supported by the Shell: either 
the first-order Euler scheme or the quadratic fourth-order Runge-Kutta scheme, depending of the desired accuracy of 
the computation. The updates of the different variables may be synchronous or asynchronous, as a result of the var- 
iables having equal or different update intervals. The dynamic values of variables or parameters may be displayed in 

so both digital and graphic forms. 

[0077] The system of this invention deals with the "incomplete information 0 characteristic of biological systems by 
integrating the scaled or semiquantitative values with the absolute values. The scaled-valued variables, such as scaled- 
amount, have values within the 0.0 to 1 00.0 scale to normalize the diverse ranges of magnitudes involved in the system. 
The default initial values of the scaled-basal-amounts vary within this range to best represent the knowledge about the 

55 physiological steady-state conditions. As a way of examples: a) a value of 100.0 may model an constitutive abundant 
enzyme, receptor, or complex-subunit in their inactive form, while this value may decrease at run-time as the value(s) 
of their active or other derivative(s) increase, so that the total remains 100 0; b) a value of 50.0 may model the normal 
steady-state catalytic concentration for a constitutive regulated active state of an enzyme, or the steady-state concen- 
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tration of a substrate, binding protein or .igand. or c) a value Cose to 0.0 may mode, any high* regulated induced 
S78] U,e Tempor a .reasoningisimportan«tomode,and describe the causal mechanisms that drrve biological systems. 
Temporal reasoning is achieved in the system of this invention in several ways: 

a) In genera, temporal reasoning is implicrt in this real-time system during a simulation, when the values of the 

l^K ^-ISKSSS :X S : r resenting the success.e phases o, the ce.. cycle and other 
to) Enfre contents ^ ^in those ohases can be activated and deactivated over time by activating or deact.vat.ng the 
TZSETJSl wrthin P^ures and rules, at pre-specified simulation time We, 

^ run-time, such as a certain variable reaching a threshold value, or a com- 

r^ubworLaces of specific bioProcesses can be also programmed to be activated for a specified period of 
^Z£SKS£ by its acl ivation-ho.d-interval attribute. This attribute can be a defautt value or 

TZSZSZm^ or ~ modified at runtime. This is an alternative to having the control of ta »M» 
o. such rubworkspace based on another event. It can also be reasoning by a combination of a given time ,n ten/a 
or ^SSSSum comes first, or by events triggering the change of the value of the ac^at^o.d-.nterval 
attribute Z > a pre-specified manner. One such option is to provide a tabular function such as by look.ng 

SnrS^S^SSS^ for such bioEntity. The information about the characteristics of part.cular functiona 

I^SSS^^SSSi Furore, in the present invention, a single mo.ecu.e can be described in more 
HSfbv and o'Sc^ 'and connected set of instances of more elemental bioEntities, referred to as b.oEnt.ty^ompo- 
nents which jSESr^SL f unctiona. components such as subuntts. domains, motifs, active sites, regufctory 
,21 ^ ^utS sTes The additional levels of deta.l are implemented in this invention through the encapsulation 
srtes and mutafon srte is The e mo , eC ules can be components of other bioEntities representing a 

E^JIS^TrtS selection and definition of the specific attributes of each of those types of structures. wh.ch 

b) the configuration of the values of the predefined attributes of those selected structures. 

C. Operating Faci.ities for Developing, Modeling, Navigating, Queering, and Simulating the Virtual Models 
1. Developer Mode: Definition of the Building Blocks 
Domain-menus 

100811 The domain-menus associated with this mode in this invention facilitate the discussion of the organization of 
^ifin^n.TobiecTclasses and methods Selecting the 'Help & Mode Menus" head pulls down a set opt.ons. and 
22^2^2 ^ Cha "^s the mode of operation and disp.ays the specif* domain-menus 
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associated with that user mode for the window from which it is selected. Selecting Developer Mode displays the addi- 
tional menu heads: 'Object Definitions" with pull down options pointing to major groups of object classes, 'variable 
Structures", "Rules Proc's & RelatV, and "Formulas & Functions". For example, selecting "bioEntities" displays the 
pull-down menu which options refer to different subclasses of the class bioEntity, and further selecting "MoleculCom- 
ponents" and "Protein Motifs" displays a workspace that contains the definitions of the class protein-motif and all its 
subclasses. In a similar way, selecting "Variable Structures" and further "Variables" and "Velocity pVariables" displays 
the workspace containing the definitions of the class velocity-pVar and its various layers of subclasses. 

General Groups and High-Level Classes 



[0082] The classification and definitions of the object classes is now described. The different classes of objects and 
groups of tools and methods comprised in this invention are all knowledge structures implemented as objects. Those 
tools and methods are preferably organized into major groups, each comprising several object classes, which may 
each further comprise several levels of more specific subclasses, to be discussed in more detail in the following sec- 

is tions. The class bioTool a subclass of the class object defined within the Shell, is defined to include a variety of auxiliary 
iconic structures used in this invention, and has no additional attributes. Each top class of those groups is a subclass 
of one of the generic classes of objects defined within the Shell, from which they inherit a set of attributes and capa- 
bilities. Several of those capabilities may be proprietary technology specific for that Shell. For further details, the reader 
is referred to the G2 Reference Manual Version 3.0 or Version 4.0 and other documentation produced by Gensym 

20 Corp., which are here included by reference. In this filing, only those Shell-defined attributes that are necessary to 
describe this invention will be considered, and these attributes or their equivalents may be common to other develop- 
ment environments. Other attributes and capabilities not mentioned here may, however, facilitate the development 
tasks and improve the performance of this invention. In the following discussion, attention will be focused mainly on 
those attributes incrementally defined for each subclass. 

2B [0083] There are several other basic classes defined within the Shell that the system of this invention uses without 
relevant modifications. One of those are workspaces, which are items used to hold and display other items and which 
attributes include names, user restrictions, margin, border, background, and module assignment. Workspaces can be 
independent higher-level workspaces, or subworkspaces subordinated to objects. Subworkspaces may also have the 
capability of being activatable, if so defined in their superior object, which means that the objects upon them are only 

30 active and accessible to the inference engine and the simulator when such subworkspace is activated. Other capabil- 
ities of the Shell, such as flashing of the icons, changing colors, or rotation of specific patterns can be used to animate 
a simulation and to indicate relevant events, such as showing the bioObjects that are activated or which variables' 
values are out of range, and other applications. 

[0084] The object class definitbns include attributes such as: Class name, Superior class, and Attributes specific to 
35 class. Other attributes are mentioned only when relevant or modified. In addition to an attribute table and sometimes 
a subworkspace, each iconic object has an associated menu with a set of options. Some of those options perform 
standard tasks common to all objects : such as: change-size, clone, color, delete, describe, disable, go-to-subwork- 
space, move, and name, which are self-explanatory. Other novel and domain-specific menu options are defined in this 
invention to provide interactive access by the user to automatic or semi-automatic tasks related to the configuration of 
40 the knowledge structures and to requests diverse forms of processing and display of such knowledge. User-menu- 
choices are defined for the specific class named in its applicable class attribute, and appear as options in the menu 
associated with the icon of every instance of every subclass, unless a class restriction is defined for any of those 
classes to exclude that option from the menu in any particular user mode Selecting any particular options triggers 
one or more actions Those options and the methods invoked upon their selection will be discussed in later sections. 
45 Here we will focus on the definitions of all object classes and on the description of their attributes. 

Variable Structures: 

• Variables and Parameters: 



[0085] In the present invention, the quantitative attributes of object classes may be defined as simple attributes, or 
as instances of subclasses of parameters or variables. The values of simple attributes can be modified through rules, 
procedures, or other actions of the inference engine. The values for the variable and parameters may be provided from 
different sources. The Shell's simulator is used in the current implementation to compute the simulated values of var- 
55 iables and parameters that are integral parts of the bioReservoirs and bioProcesses, including state variables. Those 
values are preferentially provided by generic simulation formulas, although modelers may also provide specific simu- 
lation formulas for specific variables. Users can also input values for the simulator through the input -panels described 
below, and the program can also update values based on values received from other sources, so that values from 
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different sources are integrated To standardize the units used during a simulation, the absolute values are preferentially 
entered in Molar, M/sec, moles/liter, or seconds as pertinent 

[0086] There are large number of subclasses of parameters and variables involved in this system. Only a few of 
them are used as independent parameters or variables represented by their icon, and usually they have auxiliary 
functions Most parameters and variables are implemented as attributes of the various classes of bioObjects, or other 
objects such as model-blocks (FIG. 19) or inference blocks (Table 8), as well as attributes of other variables. Aside 
from the high-level classes, most of the other subclasses do not have additional specific attributes, but many have 
distinctive default settings, as specified in their listed definitions. The subclasses allow to attach specific methods to 
each class either in the form of formulas, or by referring to all members of the class in rules, procedures or other 
actions and only a few that are representative or important to the understanding of the operation of the overall system 
will be discussed in the relevant section. Most domain -specific variables and parameters are subclasses of various 
subclasses of the the Shell's class parameter, such as float-parameter, integer-parameter or symbolic-parameter; text- 
parameter or truth-parameter. Those that represent parameters in this domain are grouped under the domain sub- 
classes int-par or float-par, depending on their value types. Those that represent variables in this domain are grouped 
under the domain subclass float-pvar, which are subclasses of float-parameter. This invention also defines a set of 
subclasses of float-var, a subclass of the Shell's class float- variable, as an alternative for domain attributes such as 
Concentration, Density and Velocity (which by default are represented by pvars or parameters such as a variety of 
kinetic constants (which by default are represented by simple float attributes). 

[0087] The Shell's "variables" have capabilities important for the implementation of this invention such as: a) allowing 
the user to set a desired instance, lets say the concentration or density attribute of a bioPool representing an entity 
which quantity is monitored in a reactor, to receive a measured value from the external monitoring sensor while its 
simulated value is being simulated in parallel, based on the Virtual Model specifications, and then by using inference 
rules to monitor either value or both values, and to compare them to a specified threshold or range or to each other, 
and to initiate some control actions to regulate the reactor system monitored by the sensor; and b) allowing the user 
to define simulation or general formulas specific for a particular instance of a variable by writing the formula directly in 
the corresponding slot for the formula in the instance's simulation subtable. Because the Shell's variables are larger 
structures that require more memory space, this invention uses by default subclasses of the Shell's parameter as 
attributes of bioObjects. However, alternative but equivalent subclasses of variables are also provided, allowing the 
user *o delete the default parameter and replace it with the equivalent variable, allowing the user to then write any 
customized specific simulation (values provided by the simulator) or general (values provided by the inference engine) 
formula to model that particular variable. Differences between the Shell's parameters and variables include: a) param- 
eters do not have slots for specific formulas but can receive values from generic formulas that apply to instances of a 
class- and b ) a variable may have an initial value and two current values, the inferred and the simulated values, while 
a parameter have only one value that can be either inferred or simulated; c) the inferred value of a variable can be set 
to expire after a time interval and therefore a variable may have no value (it should not expire when the value is used 
by the simulator), while a parameter always has a value; c) variables can backward^hain to seek its values, while 
parameters cannot; and d) variables cannot be directly referenced by procedures. When using a different Shell with 
parameters and variables with different attributes and capabilities, some modifications may be necessary. Examples 
of default instances are shown in FICs.1 2 through 15 for variables such as model-block-output-var (1228) and model- 
block-var (1 230), and for parameters such as: basal-density-par (1 306), scaling-density-par (1 308), density-entry -pvar 
(1310) scaled-entry-pvar (1 31 2), input-rate-pvar (1314), density-pvar (1 31 8), basal-conc-par (1 322), conc-pvar ( 1 324), 
contribution-pvar (1 41 5), consum-rate-pvar (1 417), binding-rate-pvar (1 506), time-delay-par (1511), ph-par (1 51 3), ph- 
factor-par (1515), and produc-rate-pvar (1523). 

[0088] The details of a variable are shown in FIG. 1 2 with the attribute slots provided to enter specific information to 
define and control each particular instance (1228, 1230), wnich may include an additional simulation subtable (1 232). 
An example of why and how specific instances of the default parameters are to be substituted when needed for the 
larger variables is discussed here. The Velocity attribute (1505) of an instance (1501) of a subclass of bioEngine is an 
instance (1501) of a subclass of rate-pvar, which value is simulaled according to a generic-simulation-formula thai 
refers to such subclass (example in Table 1) and represents a mathematical model for all reactions of such type. The 
Velocity attribute is allowed more flexibility in this invention because there are not only many types of processes, 
depending on the participants in each case, but there are also many opinions about what is the most fitting equation 
to compute the Velocity of each type. In addition, there are two types of simulation provided by the system of this 
invention, one is semi-quantitative, using scaled (dimensionloss) variables, and the other uses variables with absolute 
values. For the Velocity attribute, depending on the bioEngine subclass, different subclasses of rate-pvar are used, 
such as: catalytic-rate-pvar, binding-rate-pvar, dissociation -rate-pvar, modification -rate-pvar, or transfer-rate-pvar, with 
such scaled-values based formulas. However, the modeler can substitute those with an appropriate instance of an 
alternative set of more specific subclasses of velocity-pvar with more specific absolute- value based formulas. Each 
subclass of velocity-pvar, such as enzyme -velocity, receptor-velocity, complex -formation- velocity, complex-dissoc- 
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velocity, ion -transport -velocity, conform-change -velocity, and trans location -velocity, has more specific subclasses, and 
each of those subclasses has its associated more specific absolute-value based simulation formula The nomenclature 
used for naming each subclass indicates all the participating components and the reaction type. For example. 1 E.2S. 
1 I.ORD.velocity is meant for a bioengine. 1E.2S.tl, which means that its icon has at the top four specific stubs connected 

s to one enzyme. r, two substrate. r and one inhibitor. r, and the formula for that instance reflects the fact that the reaction 
happens in an ordered fashion, that is substrate!. r binds before substrate2.r, and the inhibitor is a competitive inhibitor 
of the first substrate. Another alternative is provided for the modeler to write the simulation formula that most appro- 
priately fits the system to be modeled, substituting with an instance of the class velocity-var described above. 
[0089] The system of this invention utilizes the history keeping capability for the values of relevant parameters and 

w variables, as specified in their listed definitions, to graph the time-line or to reason about those historic values. The 
user can decide to display those values in charts or other display forms. The historic values, as well as their maximum, 
minimum, average values, or rates of change over time can be not only be displayed, but also used by the user in 
different ways, such as storing them in external files or databases, allowing the values to be further analyzed. 

15 • Arrays and Lists 



[0090] Arrays and lists are structures that hold a number of item of values in an ordered way. The subclasses of 
arrays and lists have all the characteristics of their parent classes, as defined in the Shell, and additional attributes 
within this invention specified in their definitions. Arrays are indexed, and therefore each of its elements can be directly 
referred to by referring to its index, while lists may be indexed or not. The length of arrays have to be predetermined, 
while the length of lists increase automatically, as more elements are added. The current implementation of this inven- 
tion uses arrays to permanently store the transient values of its elements by setting the Initial-values attribute of an 
array equal to the desired values to be stored, separated by commas, which may be the current values of the elements 
of that particular array at any point in time, or the elements of an auxiliary list, as described for queries. One of the 
classes of arrays used is query-array, a subclass of symbol-array, which instances are created by the query initialization 
procedures. For example, one of the uses of a set of query arrays is for storage in each of all the instances of each 
class of molecular components in the Virtual Model. The instances of references-array, a subclass of text-array, refer 
to sets of instances of the class reference-block and may be attributes of instances of bioEntities, bioReservoirs or 
bioProcesses, or bioModels. Furthermore, instances of the Shell's class float-array can be used to store all the values 
of a desired parameter or variable during a monitoring session or a simulation run. which can then be stored to a file 
or passed to another external program or device for further analysis or processing. 

[0091] Bioitem-list is a subclass of the Shell's class item-list with no additional attributes. The different subclasses 
of bioitem-list are restricted to instances of particular classes of objects, such as experiment-selections, bioReservoirs, 
and bioProcesses. This invention uses lists in various ways, including: a) as transient auxiliary structures to process 
information at run-time, not visible to the users, such as instances of query-list, a subclass of symbol-list, are used as 
auxiliary structures in the creation of query-arrays, and instances of scroll-text-list, a subclass of text-list, are used as 
auxiliary structures in the creation of scroll-areas; and b) as auxiliary structures with their icons upon a workspace, 
which in addition to be used to process information at run-time they are available to the user for inspection, such as 
those shown in FIGs. 31 through 35 listing upstream and downstream bioReservoirs and bioProcesses, in reference 
to the bioObjects from which they where requested. Clicking on those icons by the user causes the display of the 
elements of the list, providing direct access to the objects listed and to the attribute table of the objects listed. 

BioTools 



46 • Class model-block 



[0092] The class model-block, a subclass of the class bioTool, may have as many subclasses as needed to rep- 
resent the different mathematical models needed by the domain modeler, and some representative subclasses are 
shown in FIG. 1 9 as examples. Some examples of generic simulation formulas used to compute the value of the outputs 
for those subclasses are shown in Table 6. Also included is a generic-model-block, to be further defined by the modeler, 
which is a place holder for new parameters and/or variables to be added, and for specific general or simulated formulas 
for those newly added variables. The additional attributes for the class model-block includes Output. 1 and each sub- 
class have additional specific attributes which are simple attributes, parameters or variables, and which vary in number 
and type. A model-block is an iconic object, preferentially used upon the subworkspace of a model-box, which encap- 
sulates the components of a mathematical model, as defined by its attributes, where the value of one or more of those 
attributes, the outputs, are dependent on the values of inputs, which may be constant or may changed at run time. The 
inputs may be have any type of origins, including: a) one or more other attributes of the model-block: b) one or more 
attributes of other objects in the Virtual Model; c) one or more values originating from any external source interfaced 
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with the system, such as external sensors, databases, or external simulators; d) any auxiliary independent constant, 
narameter or variable e) any timer or meter or f) any combination of the above 

mSn As shown in FIG.12 clcking on an instance of model-block (1222) displays its menu (1223). ™e Usable 
(I2247is used when a set of alternative model-blocks is contigured for a given bioPoo. to disable those not 
Z ant v in use The "table" option (1225) displays the attributes (1226) and provides access to its variables. Two 
Z^STd« to be used as attributed of model-blocks: model-block-var and model-block-output-var 
dmer in nVSS settings: only the former has by default a simulation subtab.e and only the latter kNpiMoq r of 
Ss value i*» both have an initial value and indefinite validity interval, so that they always have a value, 
can be used by the simulator Clicking on the slot (1227) of the attribute Output. 1 displays rts subtable, the attribute 
Lble of anTnstance of model-block-output-var (1228). Although the predefined model blocks classes have associated 
oeneric tormutes to compute the value of their output 1 . the modeler may want to override it by requesting by clicking 
^JSTtiSSK details attribute, the addition of a simulation subtable. The subtab.e of the attribute Input. 
r(1229)thow?me table of an instance of model-block-var (1230), and clicking on the slot of the -^8^ 
details 1231) displays rts simulation subtable (1232) with additional attributes, among them one (1233) to hoW the 
sil at on Lmula Jbe written by the modeler. The particular subclass selected in ^J^J^S^^ 
defined with two additional attributes gK/en by simple float attributes with default values of 1 .0 for Gam (1234) and 0.0 
for Bias (1235), which represent what their names indicate. 

• Class interence-block 

100941 The class inference-block, a subclass of the class bioTool, may have as many subclasses as needed to 
e^enUhe dffferen, inference models needed by the domain modeler, and some representative «>»h™»™ 
L^own (Table 8) as examples. Some examples of generic simu.ation formu.as used tc \' on ^^.^^T^ 
tor those subclasses are shown in Table 7. The additional attributes tor the Cass mference-block includes Outcome, 
o^n?y an ou cc^o-pa, and each subclass have additional specific attributes which are simple attnbutes. parameters 
o S and which vary in number and type. An inference-block is an object, preferentially used as .an attribute of 
b ooTec s e"h « time-compartments, which represents an inference model, as defined by the methods providing 
S OuLe, which is dependent on the values of some inputs. The inputs may be have any type of I onora. 
nc.ud ng a) one or more other attributes of the inference -block; b) one or more attributes of other objects n the ^rtua. 
Model c) one or more values originating from any external source interfaced with the system, such as external sensors, 
diabases, or externa, simulators, d) any auxi.«ry independent constant, parameter, or variable: e) any timer or meter, 
or f) any combination of the above 

• Class button 

[009S1 The class button is a subclass of bioTool, which additional attributes include Toggle-state. A subclass of 
LTcS is ac'on-butto), which additional attribute, action-proc-name, holds the name of the specific procedure ^invoked 
wheTthaUutton is selected by the user. Clicking an action-button triggers rts "select" option wh.ch invokes the button- 
rw^^Hbart which invokes the procedure defined as attribute of each subclass, such as the hide-sup-workspace- 
caMback to a ~ ofbutton Action-buttons play a supportive ro.e in this invention by controlling the display, and in some 
cases the " ct"at " o workspaces, allowing the interactive navigation through the entire V,rtua. Mode Other sub- 
rt^esli buttonTamed tracers, initiate important interacts tasks to create and display pathways, lists, or graphs 
mot Jiew wrthin the Virtual Mode, revive to the bioReservoir or bioProcess from which they a« > sheeted 
raoi* The class change-mode-button is a subclass of action-button with the additional attribute Mode. wh.ch upon 
Son smarts ta£?«dKMl A set of these buttons on a panel, with the Mode and Label attributes o 
eac ^ button of the set equal to each of the possib.e values of the user-mode attribute of the window, allows the use 
fo interaSvely change from one user mode to another, lor the particular window displaying the panel. The optona. 
behavioTs ol many types of objects in this system are user mode specific, as defined within the Class-restrictions 
attribute ^ofmrSect-definitions of the corresponding classes, such as the actions invoked when selecting their ,cons, 
the options that appear on their menus, or the visible attributes. u^*^* 
0^1 The following classes are subclasses of the class button with no additional attributes, but have subclasses 
wrth specific methods associated with them, a) the Cess path-tracer's -show" option starts the 
oroc which calls the configure-tracer-proc and one of three optional procedures depending on the class of the path 
uaTer^described in later sect.ons related to bioProcesses, Navigation Panel, Simulation Panel, and Experiment 
; Pane where they play a support ro.e by controlling the dynamic creation and display at run-time of interactive pathways 

or bioProcesses or both; b) the Cass lists-tracer's "show" option starts the '^racer-handte, 
P cTwhich calls the configure-tracer-proc and one of three optional procedures depending on he class of m . I.sts- 
fraTer as described in later sections related to bioReservoirs and bioProcesses. where they play a support role by 
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controlling the dynamic creation and display at run-time of lists of either bioReservoirs or bbProcesses that are either 
upstream or downstream of the bioReservoir or bioProcess where the lists-tracer is located; and c) the class graph* 
tracer's 'show-plot" option starts the graph-tracer-handler-proc, which calls the cohfigure-graph-tracer-proc and one 
of three optional procedures, depending on the class of the graph-tracer as described in later sections related to bi- 
oReservoirs and bioProcess, where they play a support role by controlling the dynamic creation and display at run- 
time of graphs that plot the values over time of key variables or parameters of those bioObjects. 



• Other subclasses of bioTool include: 
10 [0098] 



a) instances of the class reference-block are used to represent each reference to published information that 
serves as the source for building the different parts of the models. Selecting a reference -block displays information 
about the sources, such as the short-reference, authors, title, journal, institution and abstract; b) instances of the 
class bioObject-title are used to label subworkspaces, such as those of bioEntities, bioEntity-notes, subModels. 
A set of rules automatically sets the text of those titles, based on the label of the object superior to such subwork- 
spaces; and c) the classes reference-message and sequence-display are subclasses of the Shell's class mes- 
sage used for display of text in the References Scroll and the Mol. Sequence, described below. 



20 Group of Operating/Display Tools 



[0099] The classes query-panel and entry-panel are both subclasses of the class uil-tailored-dialog defined in G2 
from which they inherit several attributes used for run-time processing. The different types of query-panels and entry- 
panels are designed as partially built master structures which are dynamically cloned and completed at run -time, upon 
requests from the user The dynamically created Entry Panels (FIGs. 32, 33 and 35) are used to interactively sot-up 
and start constrained navigations, simulations, and experiments, and for selection of monitoring/control components. 
The dynamically created Query Panels (FIG. 30) are used to interactively perform predefined complex queries, based 
on functional modular structure, relative position within the pathways, function (roles as bioReactants). or location in 
subcellular compartments. 

[0100] Scroll-areas are structures provided by the Shell. In this invention Scroll-areas are created dynamically and 
used extensively (FIGs.30 through 35) to list and provide direct access named instances of different types of bioObjects. 
For example, a scroll-area is created upon request from an Experiment Panel (FIG. 35) by selecting the BIORESER- 
VOIRS button (3506), listing in a scrollable fashion all named instances of bioReservoirs in the Virtual Model and 
providing direct access to them. The scroll-messages that form the scrollable components of the scroll-area : and which 
refer to the objects of interest, can be ordered alphabetically or in other ways. 



Connections and bioPosts 



[0101] Connections are used to connect visualObjects (FIG. 7) upon a workspace and are established graphically, 
40 by the union of the stubs attached to the bioObjects involved or by extending a stub of a bioObject and attaching it 
directly to another bioObject, if the latter allows manual connections. Several domain-specific connections are sub- 
classes of the Shell's class connection, and represent different abstract concepts such as inputs : outputs, links, rela- 
tionships, or information passed between objects. Stubs are handles (716, 718, 720) on the icons of objects that are 
clicked and dragged to create the connections (717, 719). The definitions of the subclasses of bioEntity, bioPool, 
45 bioEngine, bioReactant, bioProductandbioPost (703, 704, 711 , 7 12) prescribe the class of connections that are allowed 
at each port of their icons, as defined in their stubs slot. Direction of flow may also be specified in such definitions. The 
stubs are inherited, and those stubs that are not used can be graphically removed. 

[0102] The definitions of connection subclasses include the descriptions of the Cross section pattern, that provide 
each with characteristic pattern and color to facilitate visualization and modeling tasks, and a predefined Stub length. 
so Each of those classes is specific for connecting particular combinations of objects (FIGs. 6 and 7). Stubs of different 
classes or subclasses are not allowed to connect to each other, to prevent the modeler from making erroneous con- 
nections. Connections comprise the following major classes: 

the class p-connection represents a bioProcess input to a bioReservoir, and more specifically a bioProduct's 
55 input to a bioPool, in terms of both unidirectional material flow and data flow. Several stubs for p-connections are 

defined at the top (716) of the class bioPool, which may graphically connected (717) to the one stub defined at 
the bottom of each biopool-p-post (712). Also several stubs for p-connections are defined at the bottom (720) of 
the class BioEngine, which may graphically connected to the one stub defined at the top of each bioProduct. 
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the class r-connection represents a bioReservoir's input to a bioProcess through a bioReactant. in terms of both 
unidirectional material flow and bidirectional data flow. An r-connection may connect (71 9) a biopool-r-post to the 
bottom of a bioPool. or may connect a bioReactant to the top of a BioEngine. Several stubs for r-connections are 
defined at the bottom (718) of the class bioPool. In addition, the class r-connection has many subclasses which 
differ in their characteristic cross section color pattern, and each connects a different class of bioReactant to a 
matching stub of the same subclass defined at the top of a bioEngine. The definition of each subclass of bioReactant 
specifies within the stubs attribute the specific subclass of r-connection, and the definition of each subclass of 
bioEngine specifies within the stubs attribute a set of specific subclasses of r«connect»ons and their locations. The 
purpose of this implementation is to prevent users from making the wrong connections, while directing the user to 
make the appropriate connections by matching the color pattern. 

- the class model-box-connection has three subclasses, scaled-input-box-connection (721), in put -box-connection 
(722) and output-box-connection (723), used (FIG.8) to graphically connect instances of scaled-input-model-box 
(B11) input-model-box (816), and output-model-box (817). respectively, to predefined corresponding ports of a 
bioPool The stubs for these specific connections are defined for each subclass of model-box, and for each subclass 
of bioPool at named ports, and these subclasses are color coded to guide the modeler to match the color pattern 
when making the connections; ,„ Q -^ 

- the class link defines the connections between the component bioEntities (1 81 9, 1 821 ) of other bioEntities (1817), 
representing the continuity of an ordered sequence of structural components. 

- the class Icon-wire is a tool used to connect a bioRole-post (703, 707, and 71 1 ) to its bioRole-Object. The class 
graph-link is a tool used lo connect either a bioEngine to various types of tracers (3105, 3110, 3117, 3426) or a 
bioPool to various types of tracers (3421). After the connection is made, these connections are made invisible by 
either a rule at run-time or by a procedure invoked at initialization time; 

[0103] The class BloPost is a subclass of of the Shell's class connect ion -post. Connection-posts are like extensions 
of connections that permit to physically interrupt a graphic connection and continue it on another workspace, but without 
interrupting the flow. A teaching of this invention is the design, uses, and methods associated with the different sub- 
classes of bioPost, each referring to an iconic structure (703 or 71 1 ) that may be distantly connected to another bioPost 
of a complementary subclass (704 or 712, respectively). BioPosts are components located on the subworkspaces of 
bioReservoirs and bioProcesses and, since they are located upon different subworkspaces, they are distantly connect- 
ed by receiving the same name These structures integrate bioReservoirs and bioProcesses, wherever they are located 
There are several restrictions built into the system of this invention to prevent users from making the wrong connections, 
or to warn them that wrong connections have been made, such as when a bioReactant-post is given the same name 
as a bioPost that is not a biopool-r-post, or when a biop rod uct -post is given the same name as a bioPost that is not a 
biopool-p-post. The various subclasses of bioPost will be further described below, within the overall description of 
bioReservoirs and bioProcesses. 

BioObJects 

[01 04] The class bioObJect is a subclass of the Shell's class object, with various subclasses and various restrictions 
when in different modes BbObject comprises all the classes of knowledge structures used to represent the biochemical 
systems characteristic of this domain. These object classes are characterized by their defined attributes, which can 
be- a) simple attributes of various types, such as text, symbols, integers, floats or truth values; or b) other previously 
defined objects, including parameters and variables of any of those types, or lists and arrays of those types of elements. 
The values for the parameters and variables can be provided by any of a variety of sources, such as the user-inputs, 
interfaced on-line sensors, or dynamically by the inference engine (for instance, through specific or generic formulas, 
rules or procedures), or a simulator (for instance, through specific or generic simulation formulas or simulation proce- 
dures), reflecting the changing values of the attributes defined within the knowledge structures and in the context 
selected by the user. 

[0105] All bioObjects have at least three common attributes: a) Names, a Shell-defined attribute that binds one or 
more unique symbols to an object; b) Label, a text attribute to identify bioObjects that may not have a unique name; 
and c) Description, a text string for any additional information. While names are required in the current implementation 
for some bioObjects to be integrated into the pathways, such as bioReservoirs, bioProcesses, and bioPosts, labels 
are preferred for identification in other cases, because they require less memory than symbols, do not have to be 
unique, their syntax is less restrictive, and offer more attractive options for display. 

[0106] Among the major bioObject's subclasses, which further subclasses are described in later sections, are: 

class bioNode-Object: inherits all attributes from bioObject and have no specific attributes, and can only have 
subclasses not instances However, there are methods that refer to this class, and therefore, like with many other 
classes throughout this system, the differentiation between classes may not appear in their definitions but rather on 
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their behavior, through methods that applied to them. 

class bioVtew-Object: inherits all attributes from bioObject, and can only have subclasses, not instances. A 
option "details" defined for this class upon selection by the user starts the procedure go-to-view-proc. which takes 
among its arguments the instance from which it was invoked and the current window and, depending on the value of 
5 the instance's Toggle-state attribute of hide or show, it causes the instance's subworkspace to be displayed or hidden, 
it toggles such value, which causes the instance's icon to be configured to its pressed or depressed appearance. New 
attributes defined for this class comprise: 

References, defined for several subclasses of bioObject, is an optional reference to the sources of information 
and data used to construct and configure that instance of any subclass of bioObject for which it is defined. This attribute 
10 may be defined as: a) a simple text attribute, which the user may consult to perform independent searches or using 
this invention search facilities, such as the Master-Reference-Panel: or b) a reference-array in combination with the 
option "show-references'*, which when selected by the user starts the show-references-of-array-proc which displays 
dynamically created copies of the instances of reference-block referred to by the values of that array. 
[0107] Warnings is an optional simple text attribute which value is set by the modeler to warn the user about any 
abnormalities or data included, such as, for a bioReservoir, when that particular pool of molecules have not yet been 
observed experimentally, but can be assumed to exist by analogy to similar systems. This attribute is used in conjunction 
with a design (724, 843) in the icons defined as a color-region, called flag-color, that is changed to yellow to make the 
user aware of the existence of warnings. Those changes are automatically executed by procedures invoked during 
initialization, or at run-time by a set of rules. 

[0108] Toggle-state is an attribute also defined for objects which icons' appearance change upon selection by the 
user, depending on the value of this attribute which switches between show and hide when the user clicks on the icon. 

BioEn titles 

25 [0109] A bioEntity is an iconic knowledge structure that represents any biochemical entity or their components, at 
different levels of structural complexity. Each bioEntity may have information encoded in various ways, including: a) 
information and data stored in its table of attributes, and b) a subworkspace upon which the components that represent 
its functional modular structure are visually defined. As shown in FIG.30, selecting from a bioEntity icon's (3004) menu 
(3005) the "details' option (3006) displays its structure (3007), which may have several layers of detail (3008 - 3022) 

30 in the current implementation, functional components represent structural components relevant for the bioEhtity's func- 
tion and regulation that allow the user to visualize the structural composition. The iconic composition is also used in 
the inference for processing of queries that involve the structure, which refer to bioEntities that have certain components 
in their subworkspace. Each functional component of a bioEntity belongs itself to a bioEntity class, either molecule or 
bioEntity-component or any of its hierarchy of subclasses. 

35 The class bioEntity, a subclass of bioObject. has numerous subclasses organized in a hierarchical structure 

with different levels, according to the way a biochemist would classify different molecules by taking into consideration 
their commonalities in chemical composition in the upper levels of the hierarchy, such as protein, nucleic acid, or lipid, 
followed by a reference to their function, such as, within the class protein, active-polypeptide, receptor, or enzyme. 
Additional attributes include References, described above. There are two major subclasses of bioEntity: 

40 The class simple-bioEntiity includes all the subclasses with simple structures that are not further visually de- 

scribed in the current implementation, and they do not generally have subworkspaces with additional components. 
This class has two subclasses, protein-site, and protein-modified-group, each with its additional subclasses: Additional 
attributes include: 

Id is a simple text attribute used to identify the instance instead of using a unique name; 
45 Position is a simple text attribute to indicate the position of that component within the molecule when applicable, such 
as the position of an aminoacid in the sequence of a protein, and is usually displayed; and 

Superlor-bloentlty is a simple indexed attribute that holds the name of the first superior bioEntity in the workspace 
hierarchy that has a name, if any, a value that is computed by the program within the query reasoning and, as explained 
later, this mechanism is provided to avoid repetition of structures that are shared by various instances of the same 

so family or of other families that share regions of homology 

[01 10] The class complex-bioEntity includes all those subclasses that can be further described by their components 
in their subworkspaces. Additional not previously described attributes include: 

Master-bioentity is a simple indexed attribute that may hold the name of a bioEntity that is displayed when the 
user selects the "details" option. This value is set by the program upon cloning an existing named bioEntity using the 

ss "create-local" option BioEntities with no names which Master-bioentity names another bioEntity, the master bioEntity, 
can be considered as only a copy or pointer to the subworkspace, or Master-details, of the master bioEntity, but it can 
also hold additional information in its table of attributes or in its own subworkspace, or Local-details. 
[0111] The major subclasses of complex-bioEntity, defined to deal with multiple levels of biochemical structural com- 
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plexity. include: 

the class bioEntity-component and its subclasses represent he lower-level molecular functional components 
such as: dna-component and its subclasses, such as dna-domain, promoter, operator, and so on: protein-compo- 
5 nent and its subclasses, such as protein -domain, protein-motif, and so on: and membrane and its subclasses. The 

subclasses of this class may have 4 stubs of the class link used to link different bioEntity -components, allowing 
for branching, and those stubs that are not used can be dragged away. Additional attributes include: Superior- 
bioentity and Position, defined above; and Size. 

the class molecule and its successive level of subclasses such as those of protein, nucleic-acid, and so on, 
io represent the next level of complexity. For example, as shown in FIG. 30, a protein may have a set of domains or 

motifs, or a combination of both, and it may have in addition one or more protein -sites, or protein-modified-groups, 
connected to the domains and or motifs at approximate locations, with the more accurate position displayed in the 
Position attribute. A protein -domain may also have in its SW a set of smaller domains or motifs, or a combination 
of both, and it may have in addition one or more protein-sites, or protein-modified-groups, including copies of those 
is connected to the icon of the domain. 

the class heter-mol-complex and its subclasses, such as nucleosome or tt-dna-complex, represent a higher level 
of complexity. A heter-mol-complex or a complex-molecule may be composed of other molecules, 
the class membrane and its subclasses, are used to represent interactions of several types of cellular membranes 
with other molecules; 

20 

[0112] Additional information about an instance of bioEntity can be stored in its table of attributes. The inherited 
attributes shown are successively added through the hierarchy of classes such as molecule, protein, and enzyme, and 
include: 

25 Synonyms is a simple text attribute to list the different names by which a molecule or complex may be known; 

In-species is a simple text attribute to list the species or common name of living organisms in which that molecule 

or complex has been found, such as all, human, mouse, Drosophila, C. elegans. S. cerevisiae, and so on; 

In-tissues is a simple text attribute to list the tissues in which that molecule or complex has been found. 

InCells is a simple *ext attribute to list the cell types in which that molecule or complex has been found 
30 InOrganelles is a simple text attribute to list the organelles within a cell in which that molecule or complex has 

been found, and it may take values such as plasma-membrane, cytosol, nucleus, and so on. 

Cas-number is a simple text attribute to indicate the CAS number assigned to that molecule, which is indexed to 

allow for faster searches and has a default value to indicate the preferred format; 

Mol-weight is a simple integer attribute to indicate the molecular weight of a single molecule or complex, preferably 
35 expressed in Da (tons; 

Isoelectric-point is a simple float attribute to indicate the isoelectric point of the molecule or complex; 
Sequence is a simple text attribute to contain information about the sequence of a molecule, if relevant; 
Substrates-info is a simple text attribute to contain information about the known specific substrates or groups 
targeted by the enzyme; 

40 Inhibitors-info is a simple text attribute to contain information about the known specific inhibitors of the enzyme; 

Ligands-info is a simple text attribute to contain optional information about any other ligand that may bind to the 
enzyme; 

[0113] The class bioEntity-notes, a subclass of bioTool, comprise auxiliary structures located the subworkspace 
45 of a bioEntity, that serve as iconic containers for different types of specific information about the bioEntity, which can 
be displayed by selecting the "details' option. 

BioReservoirs 

50 • Class bioReservoir 

[0114] As shown in FIGs.8 and 12, a bioReservoir (801, 1201) is an iconic object that represents an imaginary con- 
tainer of a population of similar molecules or molecular complexes, represented by a bioPool (805, 1301). A bioRes- 
ervoir has several operational functions and encapsulates several forms of knowledge (FIGs. 8, 12, 13) A bioReser- 
55 voir's menu (802, 1202) provides access to a variety of tasks to be discussed in sections below. Here we will define 
some of the components involved. The "table" option (1203) displays its attributes (1204), which holds values set by 
the modeler that, in addition to provide useful quantitative or qualitative information to the user, may be used by the 
program to set the initial conditions before a simulation is run. The values of some of the attributes of a bioReservoir 
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characterize the system and are stored as part of the permanent database. The values of other parameters and vari- 
ables ( 1 305 - 1 324) pertaining to a bioReservoir which are computed when a simulation is run, but which do not usually 
require to be set by the modeler, are hidden for convenience as attributes of the bioPool encapsulated in each bioRes- 
ervoir, but they could as well be implemented as attributes of the bioReservoir. 

[0115] The class bioReservoir is a subclass of bioView-Object and its subclasses include: bound-mol- reservoir 
(801), sol-mol-reservoir (1201), cell-reservoir, exp-ce 1 1- reservoir, genet-mol-Reservoir, some with further subclasses. 
In FIG. 12 is shown a table of attributes (1204) of an instance not yet configured, shown here with its default values. 
The unlikely default value of 9.9e-99 given to some of those attributes, which provides a) a signal for the user that an 
adequate value has not been entered yet by the modeler, and b) a branching criteria for the inference engine. Attributes 
newly defined for this class and its subclasses not previously described include: 

Compartment (1205) is an simple attribute optionally set by the modeler to represent the physical boundaries of 
the encapsulated bioPool; 

Status ( 1 206) is a symbolic attribute which value is set and used at run time by the simulation and other procedures, 
as an aid in the activation of pathways and in the creation of interactive pathway displays. It can take any of the 
values specified in the definition table and it is not visible to the modeler or other users. 

Ref-bioentity (1207) is an optional attribute optionally set by the modeler to point to the bioEntity instance that 
describes the structure of a unit representative of those populating that bioReservoir. This value is used by the 
program when the user selects the "bioEntity" option from the menus of either the bioReservoir itself or any of the 
bioReactants and bioProducts distantly connected to its bioPool, and that option appears on those menus only 
when the value of this attribute is not the default value none; 
Master-bioreservoir (1208) is set only by the program when copies of named bioReservoirs are made, such as 
those used in the creation of interactive pathway displays, and is used by the program to display the subworkspace 
of the bioReservoir referred to by the value of this attribute, when the "master-details' option is selected by the 
25 user. This attribute is not visiblo to the modeler or other users 

Decay-rate-factor (1209) is a parameter which value may be entered by the modeler or can be modified at run 
time by rules or procedures. Its default value is 2.0e-4, a value small enough not to cause dramatic changes, but 
in line with some experimental observations in the domain of this invention, but it should preferably be modified 
by the modeler to better reflect individual cases; 

If-scaling-amount (1210) is a simple attribute set by the modeler to indicate to the program the value to be used 
to interconvert between the absolute-valued and the scaled-valued variables or parameters of bioPools and their 
connected bioReactants. The complex methods used for this conversions differ, depending on the classes of bi- 
oPools and bioReactants involved. Its default value of 100 is used if not modified by the modeler, if the value of 
the rf-scaling-bioreservoir attribute is none; 

If-scaling-bioreservoir (1211) is a simple attribute which value may optionally be set by the modeler to indicate 
to the program that the value of the if-scaling-amount should be taken from the bioReservoir named by this attribute. 
This value is only required or used when the value of the if-scaling-amount attribute is the default, otherwise, the 
later value is used and this attribute is ignored. This and the previous attribute are not visible in General Mode: 
Scaled-basal-amount (121 2) is a float simple attribute set be the modeler that represents the scaled value of the 
amount of units in the encapsulated bioPool under normal or basal conditions, equivalent to a fraction of the max- 
imum amount that this bioPool can reach under optimal physiological conditions. Since in many occasions in the 
domain of this invention neither the basal nor the maximum amounts can be measured or known with certainty, 
this value represents in such occasions the best estimated guess, and it is an important semi-quantitative knowl- 
edge component. The default is the unlikely value of 9.9e-99. 

Physiol-abundance (1213) is a symbolic attribute which value is set by the modeler to indicate the physiological 
level of abundance of the entity in the compartment represented by that bioReservoir It is a symbolic replacement 
of the previous attribute when the 9.9e-99 has not been modified by the modeler. The values allowed for this 
attribute in this invention are: highest, abundant, steady-state, low-induced or only induced, which currently cor- 
respond to the scaled values of 1.0.0.9,0.5,0.1, and 1.0e-9, respectively. However, this default scale can be 
changed to different values, and additional symbols and values can be added to the scale. As and alternative, 
fuzzy-sets can be defined for the values of this attribute, and fuzzy-logic can then be applied to those values. The 
reasoning for using the values of either the previous or this attribute, in conjunction with one or more of the following 
attributes, are discussed in more detail under the Simulation Mode heading. 

Normal-basal-concentration (1 21 4) is a float simple attribute set be the modeler that represents the physiological 
average value of the concentration of the entity represented by a sol-mol-reservoir; 

Normal-basal-density (instead of 1214) is a float simple attribute set be the modeler that represents the average 
value of the density of the entity represented by a bound-mol -reservoir. 

Physiol-max-concentration (1215) is a float simple attribute set be the modeler that represents the physiological 
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maximum value of the concentration of the entity represented by a sol-mol-reservo.r. 

Physiol-max-denslty (instead of 1215) is a float simple attribute set be the modeler that represents the physio- 
logical maximum value of the density of the entity represented by a bound-mol-reservo.r. 

[0116] Selecting the 'details" option (803) displays the subworkspace (1217) which contains the components that 
characterize a bioReservoir. The classes of those components that are using in the modeling process are defined 
bZZ mS other auxiliary structures are described in later sections. The descriptive qua.itatrve, structural and func- 
wnamZt of a bioEntity k kept in this invention separated from the configurable ***** quantrtat^e jnfor- 
Son that characterizes each bioReservoir, allowing the Ref-bbentity (1 207) of ^^^^^ZSSS 
populations of the same type of entity in different locations or po.nts in tme, to pent to the same b.oEnt.ty to reduce 
the size of the Virtual Model. 



• Class bioPool 

r0117l The class bioPool is a subclass of bionode-object and comprises several subclasses, such as sol-mol-pool 
and bound-mol-pool A bioPool (805, 1301) is defined with a characterise icon with two sets of stubs, a set of p- 
connect.on stubs** the top of the icon, and a set of r-connect,on stubs the bottom of the icon. Each p^onnection stub 
is to be connected to a biopool-p-post (806) and each r-connection stub is to be connected to a b.opool-r-post (818, 
823 828 e33) on the subworkspace (804) of the bioReservoir (801), to establish distant connections to bioProducts 
rfitw and bioReaclanls (820. 825, 830, 835), respectively, and allow bidirectional flow of data and control between 
22 2 s*oZt fS 13. every bioPool (1301) has a menu (1302), and selecting the table' option (1303) dispfcys 
is tributes (1 304). Several of the attributes of a bioPool are variables or parameters (1 305 - 1 324), which mc.ude a 
density-related set and a concentration-related set, which va.ues (with the exception of the basal quantities wh,ch are 
Preferably set by the mode.er if known but can be computed from the set values of other attributes of the b.oReservo,, 
or thoir dofautt values) arc inferred or simulated. The units of all the parameters and variables of all bioPools connected 
to the same bioProcess have to be appropriately matched. Newly defined attributes of bioPool compnse: 

- Basal-Density (1 305) is given by a basal-density-par (1 306). The subclass sol-mol-pool has additionally a Basal- 
Concentration (1 321) given by a basal-conc-par (1 322) The values of either of these attributes may be set by 
the modeler to indicate: a) the normal physiological steady state density or concentration, or any other appropriated 
measured or assumed value, for physiological molecules or complexes, or b) 0.0 for pharmacological or other 
molecules that are added to the system from an external environment. This value is requ.red for any b.oReservo,r 
that participates in a simulation and if its default value has not been overridden by the user wrth a new value, the 
program sequentially pursues other sources of the Basal-Density value, as determined by a generic basal-density- 
procedure which is called during the activation process ol a simulation, only for those b.oReservo.rs that have 
been activated for a simulation; 

- Scaling-Density (1 307) is given by a scaling^Jensrty-par (1 308) which value is inferred by a procedure invoked 
at initialization. This value is used by simulation formulas to interconvert scaled values and absoute values. 

- Density-Entry (1 309) is given by a density-entry-pvar (1 310). II takes the value of a user-input at a time, or differen 
times intervals, during simulation as defined by the user in an input-panel during the simulation set-up process. It 
has a default value of 0.0, and a new value may be inferred and set by a procedure called when the simulation s 
started, and after the new inferred value has been propagated it reverts back to 0.0 This value is an argument to 
the Accumulation, where it is summed to other inputs and outputs, 

- Sealed-Entry (1311) is given by a scaled-entry-pvar (1312), and it is the scaled equivalent of the Densrty-Entry, 
45 with its value set and used in a way similar to that described above; 

- input-Rate (1 31 3) is given by a input-rate-pvar (1 31 4), which value is given by a simulation formula that sums aH 
the visually defined inputs, including, a) the current va.ues of the Production-Rate of all the bioProducts connected 
to the biopool-p-posts of the bioPool, if any; and b) the input modeled by means ol a model-block encapsulated 
in anv connected input-model-box (or scaled-input-model-box), if any , 

Output-Rate (1315) is similarly given by a output-rate-pvar, which value is given by a simulation formula that sums 
all the visually defined outputs, including: a) the current values of the Consumption-Rate of the consuming bioRe- 
actants connected to the biopool-r-posts of the bioPool. if any; and b) the output modeled by means of a model- 
block encapsulated in any connected output-modol-box. if any; 
. Accumulation (1316) is given by an accumulation-pvar, a time variant and continuous state variable which rep- 
resents a quantity in the classical systems dynamics sense which, given an initial value here set to be equal to 
the basal-amount (or scaled-basal-amount), integrates the input-rate, the output-rate, the input entered by the user 
through an input-panel, if any, and the decay term, which is a function of the current value of the Concentration or 
Density as given by the decay-rate-factor of the bioReservoir (a decay rate constant in seCM-1 )) wh,ch represents 
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a variety of outputs not modeled visually or through a model-block, including the degradation and diffusion com- 
ponents). 

- Density (1317) is given by a density-pvar (1318) which value represents the number of molecules, complexes, or 
cells per liter, or any other unit of volume, such as the volume of the reaction mixture in a reactor. The subclass 
sol-mol-pool has the additional attribute Concentration (1 317) given by a scaling-density-par (1 318), which value 
in M (Molar) represents moles per liter. In the implementation used to illustrate this invention, simulations operate 
by default based on the Density of the bioPools involved. In the case of sol-mol-pool, where the quantities used 
by scientists may be most commonly given as Concentrations, the second set of concentration related variables 
is defined to facilitate user-input, but those quantities are preferably transformed into density-related variables by 
the program, using Avogadro's number (6.023e23 molecules per mol), before integration with other quantities. 
However, several other types of quantities could be used as well, with conversions to other units of measure, such 
as activity (X-units times Y-unit), amount (X-units), or others types of densities (such as X-units per Y-unit). The 
same concepts and the same type of formulas, rules and procedures, apply to other-quantities, and a variety of 
units may also be allowed for entries from the user or other external sources, by providing lookup-tables or any 
other standard methods for automatically converting any of those units to the desired target units. Hence, the 
modeler has the option to design and define a system totally or partially based on a different quantity measurement, 
as long as proper care is taken to maintain consistency throughout the system. In those cases, the quantities 
entered by the modeler in the attribute slots of the bioReservoir that refer to physiological levels would also have 
to reflect those different sets of units. 

[0118] Scaled-Amount (1319) is given by a scalingndensity-par (1320), which value represents an scaled, dimen- 
sionless, alternative to Density, Concentration, or any other absolute-valued quantity. This attribute is used in the default 
scaled reasoning, which is the preferred method when dealing with biological systems, when absolute quantitative 
data is incomplete, and much of the data available is from relative measurements. The Scaled-Amount can be converted 
into a Density, and viceversa, by using the value of the Scaling-Density of the bioPool. 

• Class bioPool-post 

[0119] The class bioPool-post is a subclass of bioPost and has two subclasses: biopool-p-post (712, 806), which 
30 is to be connected (71 7) to an input p-connection at the top of a bioPooPs icon, and its name is to be given to one 
bioproduct-post (711, 807) to establish a distant connection; and biopool-r-post (704. 708, 818, 823. 828, 833) which 
is to be connected to an output r-connection at the bottom of a btoPool's icon, and its name is to be given to one 
bioReactant-post (703, 707, 81 9 824, 829, 834) to establish a distant connection. BioPool-posts are located upon the 
subworkspace of a bioReservoir and connected to a bioPool, which function in combination with bioRole-posts is to 
35 connect the bioPool to one or more bioEngines. The additional attributes for this classes include: 

Id is a simple text attribute used as a unique identifier, instead of the unique name, in some types of processing, 
such as in the alternative simulation procedures; 

Ref-bioprocess is a pointer to the bioProcess instance that encapsulates the bioProduct or bioReactant to which 
the biopool-p-post or biopool-r-post, respectively, are distantly connected. The value is interactively set by selecting 
the "set-rets' option of the bioproduct-post or bioReactant-post to which it is distantly connected, and rt is used by 
the program for interactive navigation through bioReservoirs and bioProcesses. 
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• Class model-box 

[0120] As shown in FIG. 12, a model-box is an iconic object (1218, 1236, 1237) located upon the subworkspace 
(1217) of a bioReservoir (1201 ) and connected to its bioPool, which function is to hold and connect the optional model- 
blocks (1222) on its subworkspace (1221 ) to the bioPool. The class model-box is a subclass of bioTool and has three 
subclasses, each playing a different role as their name indicate: scaled-input-model-box (1218), input-model-box 
(1236), and output-model-box (1237). The menu options available for all subclasses of model-box depend on the user 
mode. Clicking on a model-box (1218) in any of the user modes bypasses its menu (1219) and selects the ■show-sw" 
option (1220), which causes its subworkspace (1221) to be displayed. 

BioProcesses 

• Class bioProcess 

[0121] The class bioProcess is a subclass of bioView-Object and comprises the subclass cell-bioProcess. As shown 
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in FIGs. 7, 14 and 15, a bioProcess is an iconic object (701) which subworkspace (702) contains components that 
visually represent the preconditions (bioReactants, 1408, 1409), the process engine (bioEngine, 1501) and the effects 
(bioProducts. 1 518) of a process as connected objects with encapsulated variables and parameters that describe the 
process qualitatively and quantitatively. The subworkspace of bioProcesses is activatable. allowing to control the avail- 

5 ability of its components by activating or deactivating the subworkspace. The many different types of bioProcesses 
are ail instances of that class or its subclass, and differ mainly in the iconic components upon their subworkspace The 
different types are also visually distinguished by different colors for the type-color region of their icon, which is changed 
programmatically to be the same color as the color of the type-color region of the bioEngine they encapsulate. 
[0122] A bioProcess has several operational functions, encapsulates several forms of knowledge (FIGs. 7. 14. 15), 

10 and has a menu (1 402) that provides access to a variety of tasks. Here we will define some of the components involved. 
The "table" option (1403) displays its attributes (1404) which holds various attributes, some of which have values that 
are set by the modeler and provide information for the user, and others are auxiliary attributes hidden from modelers 
and users which values are set and used only by the program at run-time. Most attributes specific for this class have 
been previously described for other classes. Newly described attributes include: 

75 

Master-bioprocess (1405) is set by the program when copies of a named bioProcesses are made, such as those 
used in the creation of interactive pathway displays, and is used by the program to display the subworkspace of 
the bioProcess referred to by the value of this attribute, when the "master-details" option (visible only when the 
attribute has a non-default value) is selected by the user. This attribute is not visible to the modeler or other users. 

20 

[0123] The "details" option (1406) displays the subworkspace (1407) with all its visual components. The main com- 
ponents comprise a single bioEngine (1501 ) which represents the interactions between the inputs represented by the 
bioReactants (1408, 1419) where the bioProduct(s) (1518) are generated. 

[0124] As described below (FIG. 29), a cell-bioProcess may encapsulate bioReactants and bioProducts that repre- 
ss sent pools of colls, in addition to encapsulating bioReactants and bioProducts that represent pools of chemicals. So it 
is possible to have bioProcesses where molecules interact with molecules, as well as cell-bioProcesses where mole- 
cules (2905) interact with cells (2904), or cells interact with cells. In addition, there may be pools of pairs of interacting- 
cells. Other type of bioProcesses represent translocation processes between location compartments, where the bio- 
Reactant represents a fraction of a given bioPool in a given compartment which is removed from that bioPool and 
30 transferred, with a time-lag if so desired, to the target bioPool which is connected to the bioProduct. and which repre- 
sents a different pool the same entity in a different compartment. Additional types of bioProcesses represent transfer 
of cells from a bioPool (2901) representing one state of those cells to another bioPool (2911) representing a different 
state of those cells. Each of these types of bioProcesses encapsulate the appropriate subclasses of bioEngines There 
are many other types of bioProcesses defined in this invention discussed with the modeling approaches below. Many 
35 more types of processes can be represented by composing additional types of bioProcesses by a modeler skilled in 
the art. 

• Class bioEngine 

40 [01 25] The class bioEngine is a subclass of bionode-object and comprises a hierarchy of subclasses. A few exam- 
ples of which are: amplifier-bioengine, binding-bioengine, lumped-bioengineandcell-bioEngine. Each bioEngine's icon 
(1501 ) has a number of stubs of different types of r-connections at the top, to be connected only to bioReactants. and 
a number of stubs of p-connections at the bottom, to be connected only to bioProducts (2004-2011 ). The number and 
class of defined specific r-connections specify the different classes of bioReactants to be connected, such as enzyme. 

45 r, substrate.r, inhibitors, receptorr, agonist. r, antagonists or unit.r (FIG.20). The bioEngines of the class lumped-bio- 
engine, including those with two or more enzymes, represent lumped models of a two or more reactions in series The 
major subclasses of bioEngine are arranged according to the type of reaction or process they represent, indicated by 
their names. The next level of classes usually refers to the type of activity of the members of the class and is usually 
characterized by the class of the variable that defines its Velocity attribute. Further subclasses of each of those classes 

so are defined according to the number and type of their defined stubs, which determines the number and classes of 
connected bioReactants, and further by color coding the icons to show further specialization, such as using different 
type-color for different types of enzymes. Further differentiation between particular instances can be generated by 
selecting as the value of their Velocity attribute an instance of different subclasses of velocity-pvar. The nomenclature 
used for each subclass refers to the defined bioReactants, such as: a) bioengine.EI S2.I1 is an enzyme-bioengine 

ss that represents an enzymatic reaction and which icon has at the top four stubs: one for the enzyme. r, two for substrate 1 r 
and substrate2.r, and one for an inhibitor. r; b) bioengine.RI .L1 An1 is a receptor-bioengine which icon has at the top 
three-stubs one for the receptor, r, one for ligand r, and one for an antagonist r; c)bioengine.U2 is a complex -formation- 
bioengine (2011) that represents the formation of a complex from two previously independent bioEntities (which may 
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themselves be complexes) and which icon has at the top two stubs: one for unitl.r and one for unit2.r; d) bioengine. 
C1 M1 is a complex-dissoc -bioengine that represents the dissociation of one complex induced by a mediator into two 
or more independent bioEntities (which may themselves be complexes) and which icon has at the top two stubs for 
complex. r and mediators; or e) bioengine. ch1 h LI is a channel-bioengine (2007) which icon has at the top three stubs: 
one for channel. r, one for ion-Input. r, and one for ligand.r. 

[0126] As shown in FIG. 15, a bioEngine (1501) is located upon the subworkspace (1407) of a bioProcess and rep- 
resents the action of any process, such as synthesis, modification, complex -format ion, translocation, diffusion, degra- 
dation, and so on. Selecting the "table" option (1 503) from the menu (1 502) of a bioEngine displays its attributes (1 504), 
in this case with the delault values. Attributes not previously described include: 



Velocity (1505) is an attribute specific for each subclass which value is an instance of any of the subclasses of 
rate-pvar, described above, which for the receptor-bioengine shown is a binding- rate -pvar (1506). The values for 
this dependent variable are provided by generic simulation formulas that model the rate of the interactions of the 
bioReactants connected to the bioEngine. Its arguments may be the Contributions of each of its bioReactants, 

is when using the scaled set of variables and formulas, or the bioReactant's kinetic-coefficients and the Densities, 

Concentrations or other quantities of the bioPools connected to the bioEngine through the bioReactants. Its output 
is an argument for the Consumption -Rate and Production-Rate of the connected bioReactants and bioProducts, 
respectively. Therefore, this attribute may take as arguments either a set of scaled-valued variables and/or pa- 
rameters, in which case this attribute would be also sea led -valued, or a set of absolute-valued variables and/or 

20 parameters, in which case this attribute would be also absolute-valued. 

Rate-constant-sec (1507) is a simple float attribute which value may optionally be set by the modeler to provide 
the rate-constant in seconds for the overall process. This value is used, in combination with the Contribution, by 
the set of generic simulation formulas that use the scaled set of variables, which is currently the default mode of 
operation. The default value is used if no other value is set by the modeler. 

25 Tau-coeff (1508) is by default a simple float attribute which value may optionally be set by the modeler to modify 

the rate-constant-sec by such factor, allowing for testing the effects of a modification of such parameter on the 
simulation of the system without having to change the value of such parameter which may have been obtained 
experimentally. This value is incorporated by default in the generic formulas provided, and if not configured by the 
modeler, multiplying by its default value of 1 0 has no effect on the system. 

30 Bias (1 509) is a simple float attribute which value may optionally be set by the modeler to modify by a constant 

amount the rate-constant-sec. for testing purposes, without having to change the value of the later attribute. This 
value is incorporated by default in the generic formulas provided, and if not configured by the modeler, adding its 
default value of 0.0 has no effect on the system. 

Time-lag (1510) is an optional time -interval attribute that may be useful for certain instances of bioEngines, which 
3S value, given by a time-delay-par (1 511 ), is optionally set by the modeler to indicate the period of time by which the 

forwarding of the computed output of the Velocity of a bioEngine is delayed. It represents a time delay, equivalent 
to holding an amount from a bioPool for the specified period of time, which is returned after that time has elapsed. 
An example of its use is when a bioReactant and a bioProduct of this process are both connected to the same 
bioPool, and the forwarding of the output value of the Velocity is delayed. The value of this attribute may also be 
40 modified at run time, as a result of dynamic events related to this or other processes, and may be simulated or 

inferred by means of modeler-defined formulas, rules, or procedures; 

pH (1512) and Temperature (1516) are optional float attributes which values are given by a ph-par (1513) and a 
temperature-par and which, as their name indicate, represent the environmental conditions under which the proc- 
ess takes place The values of these parameters may vary at run time, as a result of dynamic events related to 
45 this or other processes, and may be simulated or inferred by means of modeler-defined formulas, rules, or proce- 

dures; 

pH-devlatlon-factor (1514) and Tern p-devlat Ion-factor ( 1 5 1 7) are optional float attributes which values are given 
by a ph-factor-par (1515) and a temp-faclor-par and which are used in conjunction with pH or Temperature, re- 
spectively, and represent a correction factor that either accelerates or deaccelerates the process when the values 
so of either the pH or the temperature deviates from their defined default values. If used, the values of these param- 

eters may remain constant or may vary for different values of the pH or temperature, as defined by a tabular function 
similar to a look-up table. 



• Class bioRole-Object 

[0127] The class bioRole-Object is a subclass of bioObject, and has two subclasses: bioReactant and bioProduct. 
A bioRole-Object is an iconic object that represents the role that units from a bioPool plays in a bioProcess, either as 
a different types of bioReactants. such as enzyme r, substrate.r, inhibitors, subunit r, receptor.r, agonist. r, antagonist 
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r. carrier. r, and so on, each representing the specific roles of the inputs that different bioReactants provide to the 
bioEngine, or as a bioProduct. 

[0128] As shown in FIG. 14. a bioReactant (1408, 1419) is connected by an input r-connection at the top of a bioEn- 
gine. and represents the material contribution from a bioPool to the bioEngine to which it is connected. To be operational, 
the bioReactant-post (703, 707) connected to a bioReactant must have the same name as one of the bioPool-r-posts 
(704, 708) connected at the bottom of a bioPool. The two bioReactants shown are representative examples of a pair 
of two interacting molecules or complexes with complementary roles or functions: a receptor and its ligand. Many other 
combinations of two, three or any other number of interacting participants are possible, to represent other types of 
processes, such as combinations of enzyme and substrate(s), units that form a complex, and soon. These combinations 
may also include antagonists or inhibitors, which may alternatively be represented as competing in a separate process, 
the latter being the preferred alternative in the default implementation using the scaled set of variables and simulation 
formulas. 

[0129] The class bioReactant comprises a hierarchy of subclasses, such as: amplifier-bioreactant, source-biore- 
actant, leading-bioreactant, binding-bioreactant. inhibitor-bioreactant, single-bioreactant, cellReactant, cell-receptor, 
extracelMigand, and their subclasses. There are several attributes common to all subclasses of bioReactant, while 
each subclass has one or two specific attributes. Every bioReactant (1408, 1419) has its menu (1409, 1420), and 
selecting its "table" option (1410, 1421) displays its attributes (1411 , 1422), in this case showing the default values for 
their attributes. Not previously described attributes specific for any of the subclases include: 

Stoichiometric-coeff (1412) is a simple floal attribute of all subclasses of bioReactanl and bioProduct, which 
constant value represents the characteristic stoichiometric coefficient of that participant in that particular bioProc- 
ess; 

Alpha-coeff (1413) is a simple float attribute which value may optionally be set by the modeler to modify by a 
factor the Contribution, which value is computed by the program. This is of interest for testing the effects of a global 
modification of such variable on the simulation of the system. This value is incorporated by default in the generic 
formulas provided, and if not configured by the modeler, multiplying by its default value of 1 .0 has no effect on the 
system. Alternatively, the modeler may delete the alpha-coeffpar and provide instead a simple float value 
Contribution (1414) is an attribute of every subclass bioReactant which value is given by a contribution-pvar 
(1415), which value is dynamically computed while a simulation is running. The meaning and use of this attribute 
is a novel teaching of this invention, designed to meet some of the challenges posed by the domain of this invention, 
where both qualitative and quantitative knowledge is frequently scattered and incomplete. This attribute represents 
the Contribution of each bioReactant to determining the overall rate of the transformation in that bioProcess, as 
represented by the Velocity of its bioEngine The contribution is a variable that can take values from 0.00 to 1 .00, 
and represents a dimensionless scaled concentration (or other equivalent quantity variable). The scaling of the 
concentration is done at the bioReactant level, rather than at the bioPool level, to allow for additional flexibility. In 
this way, the absolute concentration can be scaled differently for each bioEngine, centering around the specific 
constant that characterized the molecular interactions between each specific pair of bioReactants. The type of 
constant may be different for different bioReactants representing the same BioPool depending on the role played 
by each bioEntity in a given bioEngine, such as a Km for each substrate, the Ki for an inhibitor, the Ks for ligands 
or complex-subunits. The default values for all types of contribution are equal to: a) 0.5 for normal steady-state 
physiological conditions (for that particular compartment); b) 0.0 for bioPools of inducible proteins or non-physio- 
logical molecules; or c)1 for constitutive and repressible proteins. The user can either directly override a relative 
value or leave the default values. A generic formula specific for each of the bioReactant classes determines how 
the value of each contribution class is computed. 

Consumption-Rate (1416) is an attribute of every subclass of bioReactant which value is given by a dependent 
consum-rate-pvar (1417), which value is dynamically computed while a simulation is running, and indicates the 
rate of consumption of units of the connected bioPool in such bioProcess. Its arguments are the bioReactant's 
sloichiomelric-coeff and the Velocity of the bioEngine, and its value is an argument for the Output-Rale of the 
connected bioPool. For those classes of bioReactants that are not consumed in a reaction, the value of this attribute 
remains 0.0. In this invention, an enzyme, r or an inhibitor, r are preferably not consumed in the enzyme-processes. 
However, they may be retained, by modeling them with a time<lelay-var with its specific formula. Note that the 
connected bioReservoir may be configured for the quantity of the bioPool to decay dynamically, representing their 
degradation and diffusion components, and it also may bo consumed in other bioProccsses; 
Eff ectrve-binding-citec (1 41 8) is a simple float attribute of the subclasses of bioReactant that refers to molecules 
or complexes that have binding activity, such as all the subclasses of amplifier-bioreactant and leading-bioreactant, 
and its value is set by the modeler to indicate the number of effective binding sites per unit. 
Kinetic-parameters are by default simple float attributes specific for some subclasses of bioReactants, which 
values are optionally set by the modeler to indicate the value of the kinetic parameter characteristic for that particular 
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instance. A set of two attributes is provided for each of such subclasses, one to hold the absolute value and the 
other to hold a scaled value of such kinetic parameter, which are used by the set of absolute generic simulation 
formulas in conjunction with the absolute-valued variables, or by the currently default set of scaled generic simu- 
lation formulas in conjunction with the scaled-valued variables, respectively. Alternatively, in cases where the value 
of the kinetic-parameter is time-variant and dependent on other variable values, the modeler may choose for in- 
dividual bioReactants to define for that attribute an instance of kinetic-parameter-var, in which case the modeler 
has to define the specific simulation formula to provide the value for that particular instance, as previously de- 
scribed. Examples: 

- Equiltbrium-dissociatlon-constant (1 423) and Scaled-equil.dissoc.k (1 424) for the subclasses of binding- 
bioreactant indicate the absolute or a scaled value, respectively, of the Ks characteristic of that agonist or 
complex-subunit; 

Catalytic-constant and Scaled-catalytic. k for the subclasses of enzyme. r indicate the absolute or a scaled 
value, respectively, of the characteristic kp of that enzyme, where kp is the equivalent of the units of activity 
per catalytic center; 

Michaelis-constant and Scaled-michaelis.k for the subclass substrate.r indicate theabsolute or a scaled 
value : respectively, of the Km characteristic of that substrate, where Km is the dynamic constant equivalent 
to the substrate concentration that yields half-maximal velocity. This attribute may optionally be considered to 
represent the Ks, where Ks represents the intrinsic dissociation -constant, when the system modeled is under 
rapid equilibrium conditions, which is usually not required because of the dynamic nature of the simulation 
system of this invention; or 

Inhibition-constant and Scaled-inhibition. k for subclasses of inhibitor-bioreactant indicate the absolute or 
a scaled value, respectively, of the Ki characteristic of that inhibitor or antagonist. 

[0130] The class bioProduct has the subclass cell-bioProduct As shown in FIG. 15, a bioProduct (1518) is con- 
nected to an output p-connection at the bottom of a bioEngine (1501), and represents the material contribution from 
a bioEngine to the bioPool to which it is connected To be operational, the bioProduct -post (711 ) connected to a bio- 
Product must have the same name as one of the bioPool-p-posts (712) connected at the top of a bioPool (71 3). Every 
instance of bioProduct (1518) has its menu (1519), and selecting "table" (1520) displays its attributes (1521), which in 
this case shows the delault values tor its attributes Not previously described attributes specific of this class include: 

--- Production-Rate (1 522) is given by a produc-rate-pvar (1 523), which value indicates the rate of production of the 
units that will be added to the connected bioPool, which is dependent on the byproduct's Stoichiometric-coeff and 
the Velocity of the bioEngine, and is an argument for the Input-rate of the connected bioPool. 

35 

• Class bioRole-post 

[0131] A bioRoie-post is located upon the subworkspace of a bioProcess and its function is to connect a bioRole- 
Object to a bioPool through a bioPool-post. The class bioRole-post is a subclass of bioPost, from which it inherits all 
40 its capabilities, and has two subclasses: bioReactant-post (703, 707), which together with a biopool-r-post (704, 708) 
distantly connects a bioReactant to a bioPool; and bioProduct-post (711), which together with a biopool-p-post (712) 
distantly connects a bioProduct to a bioPool. The new attribute defined for these classes is: 

Ref-bioreservoir (2234) is a pointer to the bioReservoir instance (2209) that encapsulates the biopool-r-post or 
45 biopool-p-post to which it is distantly connected. The value is interactively set by selecting the "set-rets" <2229) 

option, and it is used by the program for interactive navigation through bioReservoirs and bioProcesses. 

BioModels 

so [0132] In this invention a bioModel means an iconic knowledge structure which, depending on the subclass, encap- 
sulates in its subworkspace a set of interrelated composite bioObjects, such as bioReservoirs, bioProcesses or other 
bioModels. BioModels are used to partitioned the Virtual Model into a modular hierarchy of subworkspaces of bioMod- 
els, and can be also described as subsystems or fragments of a larger network of pathways, which can bo reused as 
modules of desired degrees of complexity to be combined in a variety of ways to build larger and diverse systems. 

ss BioModels are objects represented by icons, and the constants, parameters, and variables that quantitatively model 
the system are distributed throughout their component building blocks. The dynamic aspect of a bioModel is determined 
by a system of algebraic and differential equations that provide the values for the encapsulated dependent and state 
variables. BioModels represent empirical biological models derived from experimental descriptive information and 
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semi-quantitative or quantitative data. Very complex bioModels can be build by connecting component parts of an 
unlimited number of other bioModels by means of connection-posts The icon of some bioModels, such as sequential 
time-compartments may contain stubs to allow connection to other bioModels. 

[0133] The class bioModel is a subclass of bioView-Object and have no additional defined specific attributes, but 
inherit the attributes Names. Label, Description, References, Warnings, and Toggle-state. It comprises various sub- 
classes which represent any physiological system at different levels of structural complexity, such as organ, tissue, 
cell-interaction (2501 ), cell (2602), or subcellular organelle (2406, 2416 - 2420), or any other intermediate compartment 
within those compartments, such as: submodel (2408), bioReservoir-Bin (2412), and On-Hold-Bin. A submodel sche- 
matically represents a portion of any size of the network of pathways of a larger structure such as a cell-bioModel. The 
subworkspace (2409) of a submodel contains a set of related bioProcesses and also a bioReservoir-Bin (2412), which 
encapsulates a set of related bioReservoirs connected to those bioProcesses. However, the bioReactants and bio- 
Products of any bioProcess that is a component of a bioModel may be connected to bioPosts of bioReservoirs that 
may be located in the same or in other bioModels. As the submodel becomes larger, it may be broken down into smaller 
submodels by simply cloning a new submodel and transferring to its subworkspace the desired bioProcesses and to 
the subworkspace of its bioReservoir-bin the corresponding bioReservoirs. The connectivity of the pathways is trans- 
parent to movements ol bioObjects from one bioModel to another, since they are directly connected among them 
through the structures upon the subworkspaces of bioReservoirs and bioProcesses. This architecture results in a 
hierarchy of bioModels encapsulated within other bioModels, which ultimately encapsulate bioProcesses (2410) and 
bioReservoirs (2414), which encapsulate bioReactants, bioEngines and bioProducts (2411), or bioPools (2415), re- 
spectively. Although this topology may appear complex, at run-time each ol the variables depend on the variables of 
only those bioObjects directly connected, and therefore the system operates as a set of processors concurrently com- 
puting in parallel. The distant connections between bioProcesses and bioReservoirs, established through the bioPosts 
anywhere in the knowledge-base, interconnect the different bioModels into a dynamic multidimensional network of any 
unlimited complexity This architecture facilitates the implementation of feedback and forward loops, interactions be- 
tween components of different pathways, elements that are shared by different pathways, and connections between 
segments of pathways that are built as separate reusable modules The class On-Hold-Bin (2003) is characterized 
by having an activatable-subworkspace, which is usually maintained deactivated, and is used to store within a submodel 
bioReservoirs and/or bioProcesses that are either substitutions for the bioReservoirs and/or bioProcesses encapsu- 
lated in such submodel, or additional bioReservoirs and/or bioProcesses to extend the pathway represented by such 
submodel, which are appropriately connected, but which the user wants to exclude from a simulation or other uses. 
Some of those subclasses of bioModels, such as the sequential time-compartments, can be independently activated 
and activated by the program during a simulation run. The efficiency of large-scale simulation applications can also be 
significantly improved using that mechanism, by having whole branches of the model that are not relevant at some 
point in time deactivated and activated when required, driven by events generated as a result of the simulation itself, 
or at given time intervals. 

[01 34] The class cell-bioModel is used to represent a cell as observed from the inside (FIG.24). It is a container of 
subcellular compartments that may encapsulate different layers of submodels until at the end of the compartment 
hierarchy, the bioReservoirs and bioProcesses are encapsulated. Cell-bioModels are used for modeling prototypic 
cells of interest in a very detailed way through their functional structural components, which at the end encapsulate 
variables and parameters that allow to quantitatively simulate those models, or more realistically, constrained submod- 
els within the cell by selecting any of the compartments at any desired level. Each cell-bioModel or any of its encap- 
sulated bioModels can be used as modules to build other bioModels with increasing degree of complexity. 
[01 35] As shown in FIG.24, each cell-bioModel (2401 ) has a subworkspace (2402) upon which are represented the 
characteristic phases of the cell cycle (2421), that follow a repeated cyclic pathway, or the cell differentiate into a 
different stage (2428), or may go into apoptosis (2430), a terminal stage. The cell-phases (2404, 2421, 2428, 2430) 
are subclasses of the class cell-phase, the main defined subclass of the class time-compartment, but other types 
of compartmentalization are also possible by means of instances of the class time-submodel (2423, 2425, 2426). 
Instances of the class biomodel-post (2403, 2429), ant its associated methods allow to connect those cell-phases 
with another cells-phases upon other cell-bioModel, and to display them. The G 0 -compartment: (2404) represents 
the background processes of resting-cells in addition to all those background bioProcesses that are not specific for 
any other phase of the cell-cycle or which crossover the boundaries of several of those phases. The -compartment 
(2421 ) represents a state of cells after they have been activated by external factors, and may be further compartmen- 
talized into two or more time -compartments: the G n -compartment represents activated-cells or carly^ -phase-cells 
as characterized by transcription of early-response genes, expression of new receptors; while the G 12 -compartment 
or late-G1 -phase-cells, is characterized by transcription of late-response genes or increased secretion of cytokines. 
The S-compartment represents the state of cells in S-phase, characterized by DNA synthesis. The G 2 -compartment 
represent cells in the G2-phase, characterized by double DNA content and before entering mitosis. The Wl-compart- 
ment represents cells in the M-phase, during the mitotic process. The Dl-compartment (2428) represents cells en- 
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tering a new differentiation stage, when a different set of activated early-response and/ or tate response genes induce 
permanent changes in the types of genes expressed This layer is followed, depending on the combination and strength 
of signals provided by simulation events, by either the GO-compartment or both this and the G1- compartment of the 
next cell type in the differentiation pathway. The Ap-compartment (2430) for apoptotic cells, when cells in the G2-layer 
5 do not receive the appropriate signals to enter the M-layer. This is a terminal layer which only effect is to reduce the 
size of the total cell population. (Note that the total cell population size is increased at the transition after every M-Jayer. 
by an amount equal to the size of the population in that M-layer. The non -specifically -mode led overall cell death is 
represented by a decay parameter, set to fit the experimental data. 

[0136] The default time-duration (317) of each of these temporal layers is set according to experimentally obtained 

io knowledge of such duration, under specified "normal 0 conditions. A layer-rate-constant is constrained to values -1 > 
x 1 > 1 and initially set to 0. When the effects of different combinations and strength of signals on the duration of any 
of the layers are measured, then the value of is adjusted to fit the target values of the experimental set. 
[0137] Each time-compartment (2404, 2423) encapsulates (2405, 2424) several spatial compartments that run in 
parallel to each other, and which represent the clearly defined subcellular compartments, called cell-Compartments, 

is such as the cell-membrane (2406), cytoplasm (2416), nucleus (2417), endoplasmic -reticulum (2418), Golgi apparatus 
(2419), endosomes (2420), mitochondria, and soon. It also encapsulates a timer (2427) with an activation time attribute 
given by an elapsed-simul-time-par which can be used in the control of the deactivation of the subworkspace that 
contains it by inference methods based Ion such value. The connections between the time compartments belong to 
the class cycle-path and encapsulate a number of parameters and variables to hold the values of the rate-constant 

20 and the progression rate, that can be used when developing quantitative models for simulation purposes. A number 
of other variables and parameters that describe among others: a) the size related attributes of the cells and b) quantities 
related to population dynamics, such as those shown in FIG.3 (317 - 320), which are attributes of the cell-phases, are 
defined. A collection of inference blocks (Table 8) may also be used to control (Table 9) the activation and deactivation 
of the time compartments, at intervals that are predefined or dynamically computed depending on simulated variables 

25 are also defined. Table 7 lists as an example a set of simulation formulas for state variables that can be used to compute 
the dynamic changes in cell numbers that are accumulated in each of the cell-phases, when using these graphic 
structures in combination with a population dynamics approach. Furthermore Table 10 lists a set of rules that can be 
alternatively used to control the progression through those cell-phases, when using the mechanistic approach. As the 
reader may realize, there are a number of different alternatives, encapsulated within those graphic building blocks, to 

30 model the complex systems at different levels. Each of the values of the Cell-phase attribute of a cell-bioModel, indicates 
which of those phases is currently activated, if any in addition to the GO-phase. As shown in FIGs. 4, 28, and 29, there 
are switching points (406, 2803, and 2911) at early G1 where the cell has to decide between the differentiation and 
the cyclic pathways resulting in a variety of different patterns that depend on both the internal stage of the cells and 
other components in the system, external to the cells. 

35 [01 38] As shown in FIG.25, instances of the class cell-interaction (2501 ) encapsulate in their subworkspace (2502) 
the interaction of two cells (2503, 2504), that use the graphic extracellular-components to interact with each other 
directly by means of surface-components (2505, 2506); through the components that one secretes, the secreted- 
components (2507), for which the other has specific receptors, the surface-components (2508); and both interact with 
their environment through specific receptors (2509) for systemic-components (2510). As shown in FIG. 26, each of 

40 those components have a table of attributes (2616, 2620, and 2633), referring to an specific bioEntity (2624), bioRes- 
ervoir (2626) and bioProcess (2628) within the cell-bioModel and are connected to the internal mechanistic pathways. 
Clicking on those icons displays their menus (2614, 2618, 2631) from which options the user can select the display of 
the associated structures, as specified in the attributes. The different menu options and their associated procedures 
allow the modeler to automate the task of establishing the distant connections to those graphic structures. The inter- 

45 acting-cells (2503 and 2504) in this interface do not encapsulate a mechanistic model of its components, but rather 
refer to and display another cell-bioModels that store those mechanistic models. In this way, this structure is used as 
an interface to design interactions between other cell-bioModels, and new cells and other connections to bioProcesses 
or bioReservoirs can be establish. The external components (2612), such as serum or incubation media, or single or 
lumped toxic-byproducts, for which there are specified or lumped receptors are represented by a set of bioReservoirs, 

50 such as serum-Pool, are connected to a bioProcess with a receptor-engine that has at least one bioProduct connected 
with one of the bioReservoirs within the cell. The function of the bioEngine is to compute the consumption an exhaustion 
of nutrients at a rate proportional to n, the specific growth rate. The byproduct-Pool's concentration is used to modify 
the value of u. by multiplying it by a parameter 0<m<1 . 

[0139] Cells are represented in this invention in two different ways, as the class cell-bioModel (2401 ) composed of 
55 cell-Compartments, and as the class cell (2602) used to represent a cell as observed from the outside and including 
any defined, mostly external, characteristic markers (2607), as shown in FIG. 26.. that can be used to assigning that 
cell to one type of cells and to distinguish it from cells of other types. The instances of class cell (2602), with sets of 
stubs on the top and bottom of their icons, are used to classify cells according to a branching differentiation tree, as 
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shown in FIG. 27. to define the many nuances between them that differentiate them from each other, particularly when 
following the almost continuous differentiation process. As an example, a Th2-lymphocyte(2607) is shown in RG.26. 
An instance ol cell may correspond to an instance of cell-bioModel, but it is expected that there are many more inter- 
mediary stages represented by the lighter cells, which represent the much lower level of detail most frequently available. 
BbReservoirs representing cell populations may refer in their Ref-bioentfty attribute to a named instance of cell. One 
of the menu options for this class is "biomodel" which upon selection displays the subworkspace of the bioModel 
referred to by one of its attributes. Ref-biomodel, if any. and that option is only visible when such attribute has a value. 
The class diflerentiation-pathway provides structures that allow the modeler to manually build differentiation trees, 
which are based on expert-knowledge to represent the sequential progress from one stage of differentiation to the 
next. The different stages through which a cell lineage goes through is a continuous process, which can be simplified 
with the representation used in this system consisting of discrete stages that represent different stages of differentiation, 
defined by characteristic and measurable phenotype, that follow a tree like longitudinal pathways. The cells in those 
pathways are of the class ceil (2602) further encapsulate detail as shown in FIG.26. A cell contains information in a 
table of attributes (2605) and in its subworkspace where the different icons include a cell-surface (2608). since this is 
a representation of the cells from the outside, and a set of components that allow that cell to display characteristic 
markers and receptors that allow them to interact to the outside world. 

Inference and Simulation Structures 

[0140] Functions are statements which define a sequence of operations that are performed when the function's 
name and arguments appear as part of an active expression. The tabular-function-of-one-argument, a class defined 
within the Shell, has an important use in the domain of this invention by allowing to deal with situations when the 
algebraic relationship between two variables is not known, but the experimental data is available, and straight-line 
interpolation is optional. Tabular functions can also be used in other expressions, such as the rule: if the [Productl]( 
[Substratel]) decreases then inform the operator that "[ Substrate- 1] may be inhibitory at high concentrations'. 
[0141] Relations are defined associations between two items which can be dynamically concluded and reasoned 
about, and in the current implementation of this invention, they represent physical and abstract relationships between 
objects, such as a-downstream-bioReservoir-of , or the-downstream-BR-list-of. After being defined by the developer, 
relations are established transiently at run-time by the inference engine The dynamic reasoning used lor query, nav- 
igation, and simulation depend heavily in the use of relations, in addition to the graphical connections. The existing 
relations for a particular object can be also be listed using the "describe" option. Most of the relations are created during 
the initialization set of procedures, while others are created at run-time. 

[01 42] Domain-specific rules are used to conclude or to respond to the changing conditions in the world defined by 
the domain-specific knowledge structures. Such events may be a relation being established or broken, or moving the 
icon by the user which is frequently used in this application to either trigger the automatic configuration of the value of 
some attribute, or the appearance of the icons, or the position of the icons. 

[0143] Formulas (Tables 1 through 7) are expressions that define the relationships of a variable or parameter to 
other variables or parameters, in a way that when one variable or parameter changes the formula predetermines in 
which way other variables or parameters will be changed, either by the inference engine, in the case of general formulas, 
or by the simulator, in the case of simulation formulas. Generic simulation and general formulas provide values for a 
whole class or group of bioVariables or bioParameters, in contrast with the specific simulation and general formulas, 
which are attached to one variable and apply only to that variable. The generic simulation formula for sets of scaled- 
valued variables (Tables 1 and 2), mixed-type variables and absolute-valued variables (Table 5) will be discussed under 
the Simulation Mode heading. 

2. Modeler Mode: Creating the Virtual Models Menus, Palettes and Libraries 

[0144] The Modeler Mode is made available to those users who have rights to build or modify applications. The 
modeler's tasks are all based on the basic paradigm of "Clone, Connect, Configure and Initialize*, and consist of building 
and configuring graphical models of the structure of bioEntities, as well as to design and build graphical models of 
complex networks of cross-talking pathways, which result from the modeler's actions of cloning, connecting and con- 
figuring sets of bioProcesses, bioReservoirs, and bioEntities. To facilitate the modeler's tasks, the Modeler-Menu pro- 
vides a way to organize and access tho different components of the system. 

[0145] FIG. 16 shows the domain-menus associated with this mode, shown here pulled-down for demonstration 
purposes. Selecting the "Help & Mode Menus" option (1601) allows access to the available user modes, which upon 
selection causes a change to that mode of operation and displays the specific domain-menus for the window from 
which it is selected. Selecting Modeler Mode (1602) displays the top layer of menu heads which additionally comprise 
the options "Palettes* (1603), "Structure Libraries" (1 61 9). and "Pathway Libraries" (1628), allowing to access parts of 
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the Virtual Models which usually requires navigating through a hierarchy of walking menus. The discussion of this menu 
system serves the purpose of discussing how the building-blocks are organized in Palettes and how the iconic models 
build by the modeler are organized and stored in Libraries. Palettes contain domain-specific and generic building- 
blocks built by the developer and to be used by the modeler, while Libraries contain application-specific models built 
s by the modeler and to be used by different types of users. A facility is provided, the Modeler-Palettes-Bin, to automat- 
ically create new empty Palettes to be populated by modelers, to allow them to expand and complement the built-in 
library of building-blocks. 

[0146] The Palettes provide a large number of characteristic types of bioObjects, grouped by subclasses and or- 
ganized in special subworkspaces of buttons organized in the subworkspace of a "Palettes-Bin". Selection of any 
bioObject upon a Palette in Modeler Mode implies clone, which automatically results in a clone of such bioObject 
(including its subworkspace and all structures upon it, and all the further levels of encapsulation) to be attached to the 
mouse-pointer and ready for the modeler to transfer it to the desired subworkspace. Selecting "Palettes" (1603) pulls 
down its options, which may point directly to the palettes of important classes of bioObjects and model-blocks, such 
as 1604 > 2001 and 1608 > 1901 . In the case of classes with large number of building-blocks, those may be grouped 
further in a number of palettes that can be accessed through walking menus, such as when selecting "Molecules" 
(1609) displays a pull-down menu headed by "Molecules" (1610), which options may now point directly to Palettes. 
[0147] Libraries comprise among others two types: 

Structure Libraries, are hierarchically organized workspaces (1623) containing models of specific complex - 
bioEntities (1624) that model the functional structure of molecules or molecular^complexes at various levels of com- 
& plexity, and which can be accessed by selecting the options of the menu head "Structure Libraries" (1618). Selecting 
"Cytokine Library" (1620) displays the menu (1621) which options refer to libraries of different families of cytokines, 
and further selecting one such as "IL4.like Library" (1622) displays the library (1623) of the IL4 family, which contain 
several cytokines with similar structures, which prototype is IL4 (1624), which subworkspace contains several domains, 
mofifs and groups. Those icons may be used to: a) be cloned and modify to build different but related structures; b) 
2S be placed in the subworkspace of protein-complexes, as shown in FIG. 18; or c) they may be preferentially named and 
copied, and the dummy copies that refer to the original are used for several of the more complex structures. 
[0148] Pathway Libraries, are hierarchically organized workspaces (1630) containing sets of related bioProcesses, 
such as those contained in the subworkspace of a submodel, and a bioReservoir-Bin with the bioReservoirs connected 
to those bioProcesses, where those bioProcesses and bioReservoirs are connected forming the nodes of a pathway 
30 that may be or not multidimensional branched. The pathways included in the libraries are those that are common to 
several systems, although they may require some modifications, and they can be cloned instead of being built from 
scratch. Alternatively, the "Pathway Libraries" (1628) menu may be used to hierarchically access any submodel of the 
Virtual Model, as an alternative to interactively navigate through all the layers of subworkspaces involved. The options 
of the menu head "Pathway Libraries" (1628) point directly to submodels which subworkspaces are displayed. For 
example, selecting "EGF.R. Pathway" (1629) displays the components of the initial specific steps of such pathway 
(1630) containing bioProcesses (1631) and a bioReservoir-Bin (1632). Modelers can also clone submodels, in which 
all the bioProcesses organized in its workspace, together with the contained bioReservoir-Bin and all the bioReservoir 
organized in its workspace, are also cloned preserving the labels and any other attributes, but with no names, since 
names are unique. All new bioReservoirs and bioProcesses have to be named (with the same basic name and different 
tags), and the connections have to be reestablished by naming the bioPosts and setting the ret- attributes. 

Creating New Composite Objects 
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[0149] There are several alternatives for building new generic types of composite bioObject. One method comprises 
the following steps: a) an instance of the desired class, such as bioProcess, is created by selecting from the menu of 
the object-definition of that class the "create-instance" option and transferred to a workspace; b) the subworkspace of 
such instance is created by selecting from its menu the "create-subworkspace" option; c) the desired set of instances 
of characteristic classes of visual Objects are created or cloned and transferred to such subworkspace; and d) the 
newly created instances are positioned and connected in specific ways, to conform to the designs specified in this 
invention. A preferred alternative way is to "clone" an existing composite bioObject that is similar to the desired one, 
and delete and/or add components, as desired. The additional generic building-blocks are added to palettes accessible 
through the domain-menus, and are used to create new instances of the same type by cloning such generic structures. 
The modeler can then further individualized each newly cloned instance by configuring the attribute tables of the su- 
perior object, or by configuring the attribute tables of the objects encapsulated within that superior object, either as 
attribute objects or as objects upon successive subworkspaces. 

[0150] Furthermore, it is possible to create transient objects at run time in two ways: a) by using the "create a <class- 
name>" and "transfer" actions; or b) by using the 'create a <class-name> by cloning <instance-name>" and "transfer- 
actions, which is the equivalent to the clone option described above, and is the preferred way for composite objects. 
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Transient objects can be made permanent by using in addition the ■-^^^^^^s^ 
,nstance has been translerred to a workspace This invent™ T n a m t query-output-pane. S . 



at runtime. 
Modeling bioEntities 
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[0 151] The modular functional represent^ 

epresent the modular structural patterns frequently used by nature ™J^^££%!^ prototypes lor 
abstract the detailed structure of different molecu.es ^J^^^f^ SSSThSSTSi OetaiHn the 
different families present several suni.arit.es Abstraction » flamed .r part by se.ecUve h, g ^ 
subworkspaces of other components focusing on components that elate to ^J^^J^ jts tunction , since 
structure-function relationships. The components of a molecule are ^ed by the 1unctjon , tnerefore 
the presence of given domains, motifs, or simple-b.oEnm.es usually jrj^^STSl! their assorted 
directing the scientist's attention to further focus on those tunc on* Each >« ^JJ^J access otner sources 
tables of attributes, where the modeler can inc.ude additional "lonnauon. STS^S^ntWe. provided by the 
of informaUon abou. those models, which can be integrated with the ^JJ^^J^ «w»ll^ 
pathways related models. That knowledge integration is ^ rtom ^^2T^^ ^lL^e of a biochemical 

Li protein-motif, and simple-bioEntity, are accessed through he waling -«nu of P^e n Comp ^ 
Some of those bui.ding-b.ocks are very generic or -empty «2^t?^2SSEy the master-bioentity 
prototypic structures, in which case they are named master-structurestha ^^^^^ 
attribute of its copies. Each instance of these components have jrr assoc^ed menu ( g mejf 

for each Cass can be se.ected to perform generic or «r B *?££J£^^ for each instance or 

Connect Configure and Initialize', at the desired .eve, of detail, the capability associated 

[0153] .n addLn to the standard SheU's "Cone" ^^J^^SS^S^SS) rented to Mode.er 
with the Cass comp.ex-bioEntity and all its subclasses ^^^J^^^JStm^ create .oca. copies 
Mode and when the bioEntrty has a name, starts the ^original, with exception of 

from any instance. The term Cone means in this invention a c ^* e e P r ^"_ ^ 8t ° ^ from the contents of the 
the name, white the term copy means an incomplete ^"^^ master-bioentity 
subworkspace of the original, but has a pointer to the ^'^^^ 

attributeof thecopies is automatically set to ^^"^"^^"^^^^^ displayed. Local copies 

^^^r^^^^r^i^r^^ - -* - - - - 

details of the structure have to be modified. r( »ceDtor-complex (1804) contains the 

[0154] As shown in F.G.18. the subworkspace (1807) shown for a mulu-un *<° c °*°<^ ( ^ M (l80e , 
cons of its various components, which may be copies, such as ^^^^^TcLpon^ (613. 
1815. and 1817). or may be originate, such as for the s.mp.e "T^JJ^J™ ^Unose components, their 
619 and 621 are originals within the origina. master structures). U «^^™ showing their structure, 

subworkspaces or the subworkspaces of their master struc «" " £ of J classes can be 

composrtion. The level of detail is optional, and components at drffe rent .eve s .n the ^a^y ^ 
connected to each other. For examp.e, c.icking upon a subumt of au xTary structures, such as those 

from the master) composed of domains, other (18 S or a GIF image of its three- 

that may encapsu.ate: notes about its function ( 810), ^^.^T^Z^o^X^. such as that displayed 



36 



EP0 821 817 B1 



simple-bioEntities. Back to the main structure, clicking on a kinase (1815. copy) that form part of the complex, its 
structure (1816. from the master) may be represented by its two subunits. a regulatory-subunit and a catalytic-subunit. 
Or the structure can be directly represented by it lower level components, such as when clicking on other associated 
kinase (1817), which structure (1818) is composed directly by several domains and other simple-bioEntities. Any of 
s those molecular components (1819)may encapsulate any type of other relevant information (1820) which allows to 
represent all members of the family by just one structure, by describing additionally the differences between the different 
members. 

Modeling Pathways 

10 

[0155] The bioReservoirs Palette contains prebuilt default instances of: bioReservoir-Bln. used to store a set of 
related bioReservoirs, and a set of different prototypes of bioReservoirs, representing all the subclasses which 
encapsulate one corresponding bioPool, and in the color of the type-color region of their icon. Each of those prototypic 
bioReservoirs comes with a minimal set of basic structures, and model-boxes and additional bioPosts are added in- 

15 teractivety when needed. By cloning a bioReservoir from its Palette and transferring it to the subworkspace of a bi- 
oReservoir-Bin, it can then be connected to a bioProcess. Another alternative for adding bioReservoirs to the Virtual 
Model is to clone existing bioReservoirs with similar characteristics, by selecting the "clean-clone" option (1239) from 
their menu, and configure the new name and desired attributes. The "clean-clone* option starts the BR-clean-clone- 
proc, which creates a clone of such bioReservoir and sets the values of all the attributes of all structures involved to 

20 their default values. Various menus options and associated methods are offered to automate the task of establishing 
those connections. 

[01 56] The modeler can also model inputs or outputs to a bioPool as mathematical models using model-blocks (1 222) 
held in model-boxes (1218). A set of menu options, restricted to Modeler Mode, are defined for the class bioPool to 
automate the task of adding a scaled-input-model-box (1218), input-model (1236), or output-mode I -box (1237) when 

2S desired. The options labeled "add-scaled-input" (1325), "add-input" (1326), and "add-outpuf (1327), start their asso- 
ciated methods, create-scaled-in put-model-box -proc, create- input-mode I -box -proc. and create -output-mode l-box- 
proc, respectively, which result in the cloning of the corresponding prebuilt master model-boxes, and then transferring 
the new instance to its specified position in relation to the bioPool. The modeler has only to extend its stub to join it 
with the color-matched stub of the bioPool. Each of those named master structures is simply a generic model-box, 

30 each of the subclass referred to by its name with a color-coded subworkspace containing a connection -post which 
attribute Superior-connection has been set to refer to the only connection stub of the superior model-box. Any model- 
block connected to such connect ion -post of a model-box is connected also with any object to which the model-box is 
connected, resulting in the ability to establish a connection between an encapsulated model-block and a bioPool, by 
cloning the desired model-block from the Palette and connecting to the connect ion -post of a model-box connected to 

35 that bioPool. The generic formulas that provide the value for the Accumulation of each bioPool already integrates the 
output of any such connected model-block as either an absolute input, a scaled input or an output, depending on the 
class of the model-box that encapsulates the model-block. 

[0157] As shown in FIG. 19, the Model-blocks Palette (1901) is provided to the modeler with a default instance of 
each of the subclasses of model-block. Some examples of the attributes for some subclasses with their default values 

40 are shown through the tables of attributes of: constants (1 902), exp.c.pdf (1903), exp.rn.pdf (1904), unif.c.pdf (1 905), 
sigmoid.f (1 906), and generic model. block. f ( 1 907). The latter is a very generic block that allows the modeler to create 
instances and configure as many attributes as required by defining their slots with any desired type of value, including 
instances of model-block-var, in which case their specific formula would also have to be defined. The output-1 of this 
block is also a variable for which the modeler has to write its formula, to incorporate as arguments the newly configured 

4 $ attributes 

[0158] As shown in FIG. 20, the bioProceesee Palette (2001) provides the most representative types of generic 
bioProcesses, prebuilt and ready to be cloned and further configured. These preassembled and stored structures allow 
the repealed use of bioProcesses as building blocks of more complex pathways. Like in chemical systems, some 
bioProcesses are relatively simple and some may become more complex, but all are built with the basic building blocks 

so (2504 -.2511). The modeler can. for example, clone a R2.L1, which subworkspace (2008) comprises one receptor- 
bioengine connected with two receptor.r and one ligand. r at the top, and one bioProduct at the bottom. After transferring 
the clone to the desired workspace (2409), the bioProcess can now be configured, by clicking on its icon and selecting 
its "table" (1403) of attributes. Selecting "details" (1416) provides access to all its components, which can now be 
configured by accessing their tables attributes. An alternative to the Palette is to clone another existing bioProcess 

ss with similar characteristics and labels directly from a submodel, and then transferring them to the desired submodel 
and the configuring its components. Two menu options are provided to facilitate that task, "labeled-clone" (1427) and 
"clean-clone" ( 1 428), which start either BP-labeled-clone-proc or BP-clean-clone-proc. respectively. The first procedure 
creates a clone of the bioProcess, and then sets the values of all the attributes except the label of all structures involved 
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to their default values. The second procedure calls the first one, and also sets the values of the labels attribute of all 
structures involved to their default values 

[01 59] The bioEngines Palette and the bioReactants Palette are provided for the purpose of allowing the modeler 
to: a) modify individual instances of bioProcesses cloned from the Palette, to accommodate particular infrequent needs: 
5 and b) to design new prototypic bioProcesses. by starting from a clone of an existing bioProcess and adding or removing 
bioReactants or bioProducts, or by exchanging the bioEngine for another of compatible type. The modeler may want* 
to modify the Velocity attribute of any bioEngine. and to provide specific formulas to represent their favorite equations 
to best describe the process being modeled, which have to refer to the specific set of bioReactants connected to that 
bioEngine. Such newly designed bioProcesses may be stored as building-blocks in the appropriate Palette within the 
10 Modeler Palette Bin, as described. In addition, the modeler may use a tabular-function as a look-up-table, from which 
the program is able to interpolate, to model a process by entering experimental pairs of values of the independent and 
the dependent variables in such table, such as a dose response. To facilitate that task, the option "create-sw" (1526) 
is defined for the class bioEngine that starts the create-sw-for-bioengine-proc, which creates a subworkspace for the 
bioEngine by cloning the subworkspace of the bioengine-sw-master, which contains a tabular-function-of-1 -argument 
is and instructions for the modeler about how to use such a tabular-function. 

[0160] As shown in FIG. 22. several steps are required to establish the connection between a bioReactant or a 
btoProduct and a bioPool. To facilitate this process and to reduce the sources of error while entering those values by 
the modeler, various methods are offered to automate the tasks of: creating and naming, or removing the names, of 
bioPool-posts, removing the names and the references of of bioRole-posts and to set the appropriate values for the 
20 ref-bbprocess of bio Pool-posts and ref-bioreservoir ol bioRole-posts, as following: 

The first step is to select the bioProcess (2201) and bioReservoirs (2205, 2207, and 2209) to be connected, if 
already in existence, otherwise they are created by cloning Irom the Palettes and named. BioProcesses and bioRes- 
ervoirs have to be named before their bioPosts can be named. By selecting the "details" option (2203) from the menu 
(2202) of the bioProcess, and such of the bioReservoirs, their subworkspaces (2204, 2206, 2208, and 2210, respec- 
ts tivoly) arc displayed. Selecting the menu (2214) option "add-top-posf (2215) of the bioPool (2213) starts the crcate- 
biopool-p-post-proc, which first scans for the first free stub of those defined at an even-numbered port (p02 to p12) 
and a) if one is found, it creates an instance of biopool-p-post (2217) and aligns it opposite to such stub within the first 
layer, b) if none is found, it then scans for the first free stub of those defined at an uneven-numbered port (p01 to p11) 
and, if one is found, it creates an instance of biopool-p-post and aligns it opposite to such stub within a second layer 
30 (more distant from the bioPool) of such bioPool-posts, and if none is found, then: i) it moves the existing biopool-p- 
post connected at the first port (p01) to a more distant position, to start the next layer, ii) it creates an instance of 
biopool-p-post and transfers it to the next free predefined position within that layer: and c) it sends a message to the 
modeler with instructions for making the specific connection. Then it calls the pool-post-name- it-proc and returns. The 
"add-bottom-post" (2216) functions in a similar way, but it adds instead biopool-r-posts at the bottom of the bioPool. 
35 [0161] To connect each of the bioRole-posts (2212, 2218, and 2225) to a complementary and not yet connected 
bioPool-post of the appropriate bioReservoir requires to create a new bioPool-post ol the appropriate subclass and to 
establish the connection to the bioPool by extending its stub and joining it to the closest free stub on the bioPool. Here 
is shown how a distant connection is established between and already named and connected bioPool-p-post (2219) 
and the bioProduct-post (2225). Clicking on the bioPool-p-post (2219) in Modeler Mode displays its menu (2220), and 
40 selecting "table" (2221) shows its attributes (2222). The tables for a bioRole-post (2222) and a bioPool-post (2228) 
are shown with all the values already set. At this point in the connection process, the values for the Ref-biop recess 
(2235) would be the default value none, while the values of the Names (2223) and the label (2224) attributes will be 
already set, with the value of the Label set to be the same as its name in the case of all bioPosts to be used at run- 
time when using the alternative simulations procedures. To give the bioRole-post (2225) the same name as the name 
45 of the bioPool-post (2219) to which is to be connected is accomplished by selecting either the "name" option (2227) 
or the Names attribute value slot (2232) of the bioRole-post (2225) and clicking on the name-display (2228) of the 
bioPool-post (221 9), since name-display has text-insertion capabilities and automatically inserts its text. This completes 
the basic connection process that allows the inference engine and the simulator to reason aboul those connections. 
Once the bioRole-post (2225) and the bioPool-post (2219) are equally named, the Ref-bioreservoir attribute (2234) of 
so the bioRole-post and the Ref-bioprocess attribute (2235) of the bioPool-post are automatically set to refer to each 
other's superior bioObjects by selecting the "set refs" option (2229) of the bioRole-post, which is only available when 
it has a name. These attributes are used by the program when the user selects the "show-br" option (2241) or the 
"show-bp" option (2242), which are available in the menus (2220 and 2229) of bioRole-posts and bioPool-posts, re- 
spectively, only when those attributes have a value. 
55 [0162] Connections can be changed and previously connected bioPosts can be recycled by using the options "un- 
name-it" (2219) of the bioPool-post which only appears if it has a name, "unname-it" (2229) of the bioRole-post which 
only appears it it has a name, and "name-it" (2223) of the bioPool-post which only appears if it has no name, lollowed 
by clicking the name of the bioPool-post into the name slot of the bioRole-post and selecting the "set-refs" (2228) of 
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the bioRole-post. The option, -name-it - (2240) starts the pool-post-name-it-proc which gives the Names of the bioPool- 
post a name composed of the base name of the superior bioReservoir followed by the default value of the Label (2224) 
*1.J S a , re,erence to ,he class and rela,ive Position of that bioPool-post. The option 'unname-if (2236) associated 
wrth the class bioPool-post starts the poolpost-remove-name-proc which changes the values of the Names and the 
Ref-bioprocess of the b,oPool-post to their defautt value none, removes the base-name from the value of the Label 
(2224) restoring it to its default value. The option "unname-if (2237) associated with the class bioRole-post starts the 
rolepost-remove-name-proc, which changes the values of the Names (2232), Label (2233), and Ref-bioreservoir (2234) 
attributes of the bioRole-post, and the Ref-bioprocess (2235) attribute of the bioPool-post, to none. 

Biochemical Modeling Techniques 

[0163] To simplify the overall structure of the system, or when the intermediary detail is unknown, it is possible to 
consider parts of such pathways as black-box-bioProcesses with inputs and outputs connected to other modeled 
pathways or to other black-box-bioProcesses, which are not modeled in detail. If and when it is desired to model 
disturbances at specific points in the pathway represented by a black-box-bioProcess, it can be split into the pathway 
before and the pathway after the regulated location, which is represented by a normal bioProcess, with the two new 
pathway segments now represented by two new black^ox-bioProcesses, and the segment where the disturbance 
occurs to be defined and modeled. In addition, it may be desirable to model a pathway as a single lumped bioProcess 
Such may be the case tor an enzymatic pathway for which: a) the details may be unknown or not desired, b) only the 
inputs and the outputs are relevant, and c) sufficient quantitative or qualitative information is available about the rale 
limiting enzymes and the inputs. For these cases, the currently preferred embodiment provides enzyme-bioProcess 
subclasses with two or more enzyme-bioReactants, with their Velocity depending only the Concentrations of those 
enzymes, together with the substrates that are inputs to the pathway and the products are outputs of the pathway, 
ignoring the intermediaries and other participating enzymes. 
25 [0164] For bioReservoirs that represent the input into the system of a synthetic agonist or antagonist, the Concen- 
tration has abnormal default initial value of 0.0. it has no modeled inputs from bioProcesses. and it may be modeled 
by a model-block. However, quantities of that compound may be transferred to another regular bioReservoir in a dif- 
ferent compartment. It may not be desired in most occasions that the synthesis of macromolecules be visually modeled 
by bioProcesses. because of its complexity and the large number of steps or components involved In these situations 
the synthesis may be modeled by adding a model-block to one input-box connected to the bioPool. which is represented 
by the additional term already integrated in the Accumulation equation. The output of this model-block may define a 
global synthesis-rate that may be made dependent on the values of any other variable of the system multiplied by a 
synthesis-rate^onstant parameter, a separate attribute of the model-block which may also be dynamically increased 
or decreased as a result of the activation or deactivation of other bioProcesses. 

[01 65] When degradation or diffusion are important components of the model, they can be separately modeled 
by using additional bioProcesses to model those processes, adding a model-block to the output-box connected to the 
bioPoo , or using defined degradation-rate or diffusion-rate parameters, respectively. .. Processes in which the binding 
step is the limning factor (the catalytic or other actions are fast so that the ES complex is very short-lived), are usually 
modeled by a single bioProcess. If the complex stays around exposed toother interactions, two bioProcesses may be 
u ^u mP J t,0n 3nd cata| y tic or otner action, each with its respective constants. Inhibitors and antagonists 
should be modeled by separate bioProcesses. The intermediaiy complexes that are formed in enzymatic reactions 
and their concentrations such as [E8 1 ]or[ES 1 S a |. are preferably not explicitly represented, unless they are the specific 
targets of regulation or translocation to different compartments. Otherwise they are implicitly represented within the 
model equation of the bioEngme. Reaction systems with two or more substrates of the ordered or pingpong types 
may be represented by either one bioProcess with two substrate.r. in conjunction with the appropriate Velocity equation 
or by two separated bioProcess in series. In reactions with cooperativity. such as allosteric reactions of an enzyme 
wrth n equivalent substrate binding sites, can be either modeled by: a) one bioProcess with a 1 E.nS. 1 1 . HMME bioEngine 
with each of Ihe n substrate.r representing the same bioPool, each with a stoichiometric coefficient equal to 1 , but each 
7l J^ r V etfectlve Km corresponding to each additionally bound molecule, or b) one bioProcess with a 1E 1S 
u ! b,oEn 9 ,ne wrth 006 substrate.r with stoichiometric coefficient equal to n, and the Velocity formula representing 
a Hill equation. Allosteric reactions of an enzyme with binding sites for two or more different ligands, either substrates 
inhibitors or mod.fiers, can be either modeled by: a) one bioProcess in which each ligand is represented in the formula 
for appropriate class of variable providing the Velocity, or b) two or more bioProcesses, in series or parallel or both 
when the mechanism of the reaction is known and information is available. 

[0166] Different types of inhibitors may be modeled in a variety of ways to show different behaviors, usually involving 
a complex-form-process in which the resulting complex would have different characteristics: A competitive inhibitor 
is best modeled as one enzymeEngine comprising enzyme.r. substrate r and inhibitor. r with its matching standard 
kinetic equation An irreversible inhibition is equivalent to enzyme removal from Ihe system, with the Vmax reduced 
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and it is therefore best represented by two parallel bioProcesses: an enzymeProcess for E + S -» P. and b) a complex- 
form-process for E + I — » El It may also be represented by one enzyme -process encapsulateing enzyme r, substrate 
r and inhibitor r and two bioProducts (E + S + 1 -* P + El), with its matching standard kinetic equation. An uncompetitive 
inhibitor may bind reversibly to the ES complex yielding inactive ESI complex. This type of reaction may be represented 
by three bioProcesses, first in series and then in parallel: a) complex-form-process. E + S -* ES: b) enzymeProcess. 
ES -» E + P and c) complex-form-process: ES + 1 -» ESI. It may also be represented by one enzyme-process comprising 
enzyme r substrate.r and inhibitor.r, and one bioProduct ( E + S + I -* P), with its matching standard kinetic equation. 
A noncompetitive inhibitor and the substrate do not affect each other's binding to the enzyme, however the tr.menc 
complex SEI ( ES + I -* SEI or El + S -+ SEI) may be inactive. The main effect is a sequestering of either enzyme or 
both enzyme and substrate, and the Vmax is reduced. This type of reversible competition is best modeled by three 
different bioProcesses: an enzyme-process E + S -» P (a), and two complex-form-process: E + I -» El (b), and IE + S 
+ 1 -» SEI (c), where (a) and c) have the same Ks and (b) and (c) have the same Ki. It may also be represented by one 
enzyme-process comprising enzyme r, substrate.r and inhibitor.r, and three bioProducts ( E + S + I -> P + El + SEI), 
with its matching standard kinetic equation. A mixed-type inhibitor I is such that reversible binding of either I or S to 
E changes the Ks or Ki of the other by a factor a, yielding ES, El and inactive ESI complexes. It may be best represented 
by three different bioProcesses: an enzyme-process E + S -» P (a), and two complex-form-process: E + I -* El (b) 
and E + S + I -> SEI (c), where (a) and (c) have different Ks and (b) and (c) have different Ki. The Ks' of (c) may equal 
the Ks of (a) multiplied by a, or similarly, the Ki' of c = a'Ki, where a is a cooperativity-coefficient that may be introduced 
as a factor in the formulas of the respective Ks or Ki. 

[01671 Different types of feedback regulation by downstream products is represented by differenl sets of bioProc- 
esses As examples are given the following cases of feedback inhibition by more than one product. 
[0168] Cooperative or synergistic inhibition is when mixtures of P-, and P 2 at low concentrations are more inhibitory 
than the sum of inhibitions by each at those concentrations, when both P, and P 2 can combine with E simultaneously 
to form EP,P 2 complexes. This system may be represented by 4 bioProcesses: an enzyme-process. E + S -» P (a), 
and throo complex-form-processes: E + I, -» El n (b), E + l 2 - El 2 (c) and E + l n + l 2 -» El,l 2 <d), where I, = P, and l 2 
= P 2 and where (d) have different K n and K i2 than (b) and (c) (the K',, of (d) = a*K n , and the K a of (d) = B K^, vtfiere 
a and 8 are cooperativity-coefficients). Cumulative or partial inhibition is when each end product is a partial inhibitor 
and a saturating level of one alone cannot drive the velocity to zero. Each of I, or l 2 alone, either increases the Ks of 
S (partial competitive inhibition) or decrease kd of E (partial non-competitive inhibition) or both (partial mixed-type 
inhibition) This type of reversible competition is best modeled by three different bioProcesses: an enzyme-process^ 
E- + S -* P (a), and two complex-form-processes: E + I, + l 8 -> El,l 2 (b). and E + S + I, + l 2 -> ESM 2 (c), where (a) 
and c) have the same Ks and (b) and (c) have the same K n and K*. It may also be represented by one enzyme-process 
comprising enzyme.r, substrate.r, inhibitor^ and inhibitor2.r, and three bioProducts (E+S + I 1 +I 2 ->P + Eljl 2 + 
ESIilo) with its matching standard kinetic equation. Concerted or multivalent inhibition is when both end products 
have to be present to be inhibitory, and either alone has no effect on E, when either El,l 2 does not bind S or ESI,I 2 is 
inactive It may be represented in two alternative ways, either by: 1) two bioProcesses one enzyme-process: E + S 
-* P (a) and one complex-form-process E + I, + 1 2 -» El,!-, (b); or 2) one enzyme-process: E + S + 1, + l 2 -» ESI^ (c\ 
In both (b) and (c), the matching standard kinetic equations include a term to represent the concerted effect of I, and 
U that is proportional to the Concentration of I, multiplied by the Concentration of l 2 . Additive inhibition implies the 
presence of two distinct enzymes or catalytic sites, each sensitive to only one of the feedback inhibitors. This type of 
reversible competition is best modeled by three enzyme-processes: a) E + St + S 2 -» P; b) E + S n + S 2 +I n — P, and 
c) E + S, + S 2 + l 2 -> P It may also be represented by one enzyme-process comprising enzyme.r, substratel.r, 
substrate2.r, inhibitorl.r and inhibitor2.r, and one bioProduct (E + S, + S 2 + I, + l 2 -» P + El,l 2 + ESI^, with its 
matching standard kinetic equation. Sequential inhibition is when downstream ol and S v one product P, inhibits 
enzyme E 2 and another product P 2 inhibits enzyme E 3 of another pathway of utilization of S v When both P, and P 2 
are at high levels, S, accumulates, and S, may also inhibits E,. This type of feedback inhibition is best represented 
visually by a combination of the appropriate bioProcesses, in parallel and in sequence as required. 

Handling Challenging Aspects of Modeling Complex Systems' Behavior 

• Modeling Internal Mechanisms of Cells 

[01691 The transfer of molecules from compartment i to compartment j does not happen at once, but rather follows 
a Gaussian distribution, which may be modeled using the corresponding model-block from which the translocation- 
's would be dependent. The analytic equations tor the distribution of bioEntities in consecutive pools, are a function 
of the initial concentration of the first bioPool and the corresponding translocation -rate constant (k,1507) and time- 
delays (d 1510) respectively, of the successive bioEngines. For example, to model the senes of translocations of 
proteins through the several compartments in which they are processed after their synthesis the modeler would clone 
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from the Palettes a set of bioReservoirs and bioProcesses of the appropriate types to represent the different terms of 
the following equations, which are then transferred to the appropriate compartments, connected and configured, and 
desired values are given to the model parameters. Translocation rates between compartments could be expressed as 
translocation half-times, defined as : t 1/2 nu = In (21 K nu ), where K nu is the rate constant for processing in the nucleus 
s or the rate constant for transport from the nucleus to the ER, or both lumped together. For steady-state balanced 
growth, where u=0 and rp(t) is the rate of transcription in the nucleus (molecules/hour/cell): [RNA) nu ss (t) = rp(t)/K nu . 
The additional equations that follow are similar to those proposed for cell cycle-dependent protein accumulation by 
Bibila & Flickinger (1991) Biotechnology and Bioengineering 38: 767-780, and have to be adapted for use in the sim- 
ulation formulas of the system of this invention which takes a dynamic approach: 

w 

[X 1 ]-§X/[X 1 ] 0 * e _krt (this is ER) 

,5 Py = §>V§ X 1 * l x iV (e^'-e^V M k 2- k i>- 

where t , =t-d 1 (this is Golgi) 

2 o [X 3 ] = §X 2 /§X 1 # [X 1 ] 0 *(-(e" k1T -1Vk 1 + (e'^-iyk^-k,), 

where t"-t-d 1 -d 2 (this is extracell. comp. for secreted proteins) 

[0170] On many occasions, the newly generated molecules are secreted, while on other occasions, the newly gen- 
crated molecules are retained in the cell, either to maintain housekeeping functions which are usually included in the 

25 steady-state and no implicitly modeled, or they result in new cellular functions in which case its mechanisms are graph- 
ically modeled. If this response results only in proliferation, the inference engine may monitor the simulation of the cell 
mechanisms (FIG.28), and based on the values of certain variable or sets of variables, may cyclically activate (2802) 
the next phase-compartment in the cycle. However, if the response results in cellular differentiation, the inference 
engine activates (2805) a different cell-bioModel, if such exits, that represents the new stage of differentiation, or will 

30 send a message to the user otherwise. 

[0171] The different bioProcesses in a cellular bioMode I may be activated for different periods of time, if placed within 
sequential time compartments (2421), but they will be overlapping with many other bioProcesses encapsulated in the 
GO-phase-compartment (2404) which are not deactivated during a simulation. BioReservoirs that may be participate 
in two different sequential time compartments are preferably located within the GO-phase-compartment, to maintain 

35 the continuity and to carry over the values of its concentration / density / scaled-amount from one sequential discrete 
time compartment to the next. These temporal compartments represent somewhat defined cellular phases with different 
activities. 

[0172] Mechanisms that are well studied in one animal species can be interpolated in the pathways of other species 
where the pathway may be less understood, such as in humans, by cloning the submodel (2408) encapsulateing the 
40 bioReservoirs (241 3) and bioProcesses (2409) from the first species and transferring to the appropriate compartment 
of the second, and then renaming and reestablishing the appropriate connections. 

[0173] BioPools that represent points of entry for non-physiological substances, such as drugs or synthetic agonists, 
antagonists or inhibitors that are not produced within the cells, at the compartment where it is first introduced have the 
following characteristics: a) they receive their values only from external sources, such as a simulation-panel, initially, 

45 the concentration equals the external input, and therefore • inputs = entry Value; b) they have a basalConcentration 
value of 0, c) they have no schematically modeled inputs, d) e) they may have several schematically modeled outputs, 
through modificalion- and trans location -bioProcesses. in addition to the decay term that represents diffusion, degra- 
dation and dilution, and e) the quantity variables of those bioPools cannot obtain values higher than those inputted by 
the user, but may get smaller over time due to the outputs and the decay factor ( [As]*(ja+» outputs) • (entry]). When 

so that compound is modified or translocated to another compartment, the letter's is a regular bioPool, but still constrained. 

• Modeling Cell Population Dynamics 

[0174] There isa number of ways of modeling and simulating cell population dynamics, using this invention. A number 
55 of attributes defined for the classes cell Reservoir, cellPool, cell-bioModel, and other bioObjects can be used to hold 
parameters and variables to be used for that purposes. Following the teachings of this invention, other attributes can 
be similarly defined and used to better meet any particular biological system to be modeled, or hypothesis that a user 
may want to test, or to meet the needs for any monitoring or control system that use those biological models. Some 
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examples are presented below. The state transitions are represented by translocation bioProcesses (405, 407, 414, 
417) between two bioPools of entities in the former and in the latter states, at a rate that is determined with one of 
three approaches: a) mechanistic approach; b) probabilistic approach; or c) deterministic approach. 
[0175] In the mechanistic approach, the rate of the translocation process will be dependent on the dynamically 

s changing values of certain variable or combination of variables, implicitly modeled inside an indicated cell-bioModel 
(FIG.24), reaching some threshold value(s). With this approach, the high-level models may be integrated with the 
mechanistic models, representing both the spatio-temporal integration in a single cell-bioModel and the quantitative 
data about populations of such cell modeled. This mechanistic approach is currently difficult to implement for the par- 
ticular domain selected for this invention, since there is not sufficient information available. This approach can be 

10 implemented with better known systems in other domains. 

[0176] For some simplified in vitro biological systems, such as oocyte extracts, a mechanistic approach is used to 
model a transition which mechanism is known or expected, such as the role of the interplay between cyclin-B2 and 
the phosphorylated and dephosphorylated forms of the cdc2-kinase in the transition from the G2 to the mitosis phases 
of the cell cycle. The rate of increase in the number of cells with a cdc2**cyclin (cc) level greater that o in a given cell 

'5 cycle phase - fraction of cells in that phase (G^ * {the rate at which cells within that phase reach a cdc2**cyclin level 
([cc] G1 ) greater that o - the rate at which cells-with cdc2**cyclin level greater that o leaves that phase }: 
[0177] The lollowmg is an example of how a simplified mechanistic approach can be implemented. The rates of 
growth in eukaryotes and the rates of translocation from one cell-state-pool to the next can be represented as a linear 
or non -linear functions of the concentrations of specific molecules, such as external regulatory factors, regulatory en- 

20 zymes, and total and specific mRNAs. For example, if a limiting protein L determines the transition from one lime- 
compartment to another, then the expression of the mRNA for L could regulate that transition. Furthermore, the growth- 
rate u can be represented as a linear function of the concentration of a given specific mRNA, and the rate of mRNA 
transcription can be represented as a non-linear function of the concentrations of two or more growth factors (or other 
regulators) or it can be assumed to be a combination of growth associated and stimulus-dependent kinetics. In turn, 

2S the stoady state values of all enzyme synthesis rates and the total specific RNA level are a function (linear for RNA) 
of the steady-state specific growth-rate p. The total RNA can be used as a measure of the growth resources of the 
cells, since the ability to increase a stimulus-induced specific sRNA is limited by the amount of synthesis proteins, 
which is limited by the amount of total RNA. Because the relatively high rate of RNA turnover and the dilution effect of 
cell growth the [sRNA] responds immediately to a removal of the stimulus-effector. With an increase of the stimuius- 

30 effector, the rate of increase of [sRN A] is controlled by a time constant which is inversely proportional to the total RNA 
of the cell (Copella &Dhurjati 1990. Biotech. Bioeng. 35:356-374). The modeler would clone from the Palettes set of 
bioReservoirs and bioProcesses of the appropriate types o represent the different terms of the following equations, 
which are then transferred to the appropriate compartments, connected and configured, and desired values are given 
to the model parameters. The following equations have to be adapted for use in the simulation formulas of the system 

3S of this invention, (u, = * ([mRNA] - [mRNA]o)-> (1/h) = (gX/gRNA) * (gRNA/gX/h); x = k^u. + k x *[mRNA]o/[X], where 
k* is the rate constant for mRNA transcription (gRNA/gX), t is the time constant (gX/gRNA), and [mRNA]o/[X] is the 
specific [mRNA] at u.=0. The growth rate can also be viewed as the sum of all rates in one simple anabolic pathway 
divided by the total mass (growth from glucose in bacteria): ^(•r l )/[X]. The number of generations: <D = log(2)((X - Xo) 
/Xo)); |i * G t * ©mt . g - \si( X )dx = G-,* e^ * ([cc] G1 (o) * X G1 (0) - rfG^S) * V B(x)dx), where X G1 (x) and 6(x) are the 

40 frequency functions describing the cc content distribution for cells in G-, and G-, ->S transition, respectively, and rfG^S) 
is the rate constant that describe that transition; rfG^S) = p/G/ (N 0 + G 2 + S); r(S->G 2 ) = ji / S* (N 0 + G 2 ): r(G 2 -*G-|) 
= u/G 2 'N 0 

[0178] The following equations are examples of how overall rates of synthesis can be used to implement black- 
boxes, where each of those equations provide the value for the Velocity of the black-boxes to be represented by the 
*s corresponding type of bioProcesses: for IFN-a -» IL2 : rs <TF ., FN . a) = k A * [IFN-a] and rs (mRNA . IL2 ) = kg * [TF-IFN-a] ( or 
r s ( mRNA-iu>) = 1+ k a [IFN-a) / 1+ kg [IFN-a]+ l^;); rs (IL . 2) = k 3 * [mRNA 1L2 ]. 

[0179] By using the concentrations variables of soi-mot-pools, expressed as moles per volume units rather that per 
cell, it would not be necessary to adjust the steady-state concentration with growth for constitutive enzymes, since it 
is assumed that both increase at the same rate, while for regulated enzymes, the dilution effect is more apparent, since 

so it is not paralleled by synthesis. In the current implementation focusing on regulatory processes, since most of them 
take place in the form of large molecular complexes, highly localized in some parts of the cell, it would be more mean- 
ingful to use the defined density variables (molecules per cell). To synchronize the simulation from the intracellular to 
the collPool level, the quantities of ail the bioPools of extracellular molecules are halved at each cell division transition. 
In addition, specific rates are rates per cell, and total rates are specific rates multiplied by the cell density. Specific cell 

55 components may increase throughout the cell cycle: a) continuously at a constant rate, b) at a rate that doubles when 
the DNA is replicated, c) at a progressively increasing rate which follows fist-order kinetics, or d) discontinuously, 
according to a sequence of events which changes the rates in a complex pattern. 

[0180] When the mechanisms are unknown, a deterministic approach may be taken with the transitions modeled 



42 



EP0 821 817 B1 



as a time-dependent events. As shown in Fig 3, the cell-phase compartments, which are holders of mechanistic models, 
also have an attribute interval (317) to hold information about the experimentally observed duration of that phase of 
the cycle, which can be used during a simulation-run to deterministically deactivate such subworkspace when that 
period of time has elapsed since the subworkspace was activated, or whenever any type of known constraints are met 
(FIG. 28). In the deterministic approach, the rate of the translocation process is defined by a rate constant, which may 
have a constant predefined value, or its value may be variable and set at run-time by a simulation formula, an expert 
rule, or procedure, such as one that reads the phase's "interval" just described, or it can be modeled by a model-block. 
The transfer of cells from cellPool i to cellPool j does not happen at once, but rather follows a Gaussian distribution, 
which may be modeled using the corresponding model-block. 

[0181] Following is an example ol a high-level representation of the effect of some drug on cell growth, when there 
is partial mechanistic knowledge available, but where most of the many other steps in the pathways leading from the 
external drug to the regulation of cell growth are unknown. In a system where enzyme produces a soluble substance 
c which is used in the formation of active enzyme X 2 If X t and X 2 represent the total amounts of X A and X 2 contained 
in n cells, and if X 2 is the component which, upon reaching a threshold, determines the occurrence of cell division, so 
that n = PX 2 , where p is a constant, then, assuming steady-state, when c remains at a steady concentration and 
therefore the formation of X 2 is proportional to [X^), follows that: d[cj/dt = A(X-,/n) - BfXg/nHc] - C[c] = 0, (1 ) where A, 
B, and C are constants. From (1) it can be said that c = (5 X 1 /X 2 , and following a set of derivations it results that the 
growth rate is: k = d(ln n)/dt = d(ln X 2 )/dt. If now c decreases from the action of some drug, then X 2 which is proportional 
to [c] decreases. The cell growth rate dn/dt = p dXj/dt will also decrease. The effect of the drop in c is an increase in 
X 1 relative to X 2 , until a new level of X 1 is reached that restores the cell growth rate to its initial value. In the represen- 
tation used in this invention: 



the 1 st term is represented by an enzyme-bioProcess corresponding to the formation of c by X 1 , where the enzyme- 
bioReactant would be connected to the bioPool of X 1 , the substrate-bioReactant would be connected to the bioPool 
of the precursor of c, and the bioProduct would be connected to the bioPool of c; 

the 2nd term is represented by an complex-formation-bioProcess corresponding to the consumption of c in the 
formation of X 2 Irom c and other subunit(s), connected to the appropriate bioReservoirs; and 
the 3rd term could be represented, depending on the specific biologic mechanism to be modeled, by: a) a complex- 
format ion-bioProcess corresponding to the consumption of c in the formation of a complex leading to the loss of 
c by degradation by a ubiquitin-dependent mechanism, connected to the appropriate bioReservoirs; or b) a trans- 
location -bioProcess, representing other mechanisms of loss of c, such as by diffusion, connected to the appropriate 
bioReservoirs: or c) implicitly represented by the degradation -coeff within the formula that determines the current 
amount of c, which includes a term with default degradation. 

in this system, the scaled-amount set of variables is used, because what is relevant for the behavior of the system 
are the relative value of Xa in relation to its threshold, which determines cell division, and the ratio between X 1 /Xg, 
which regulates the rate of production of X^ and not their absolute amounts. 

the value of the number-of-cells attribute of the cell-bioModel that encapsulate those bioProcesses and their cor- 
responding bioReservoirs, is doubled when the scaled-amount of the bioPool of Xg reaches the threshold, and at 
the same time, X 1f X 2 are halved while [c] remains constant. 

[0182] The above example is an oversimplification, and in fact much more is currently known about the mechanisms 
that determine the initiation of mitosis, in which complex interdependences are involved, such as the equivalent of X^ 
a complex, regulating not only the rapid increase in its production by a positive feedback loop upon the equivalent of 
X 1t but also X 2 regulating its destruction by activating an enzyme in the ubiquitin-dependent mechanism, and X 2 reg- 

45 ulating its inactivation by activating another enzyme that converts X 1 back to c. In general, in the absence of diffusion, 
the simple case that might produce organization in time is that of two concentration variables, X, and X v where the 
value of each is dependent on the value of both, such as when: d^J/dt = v-, (X 1 ,X 2 ): and d[X 2 J/dt = v 2 (X 1 ,X 2 ). 
[0183] Other high-level physiological events can be modeled in a similar manner, such as considering different cells 
subsets (i.e. neutrophils) changing compartments (intravascular — ► interstitial space during inflammation) as induced 

so by cytokines (i.e. TNF-a, which is produced upon activation by macrophages, neutrophils, T-lymphocytes, natural killer 
cells and mast cells), in chemotactic -bioProcesses. The time-period that a cell subset stays in such a compartment 
depends in part on the expression of adhesion proteins (such as E-selectin (ELAM-1) or 1CAM-1 by endothelial cells, 
which expression is induced by TNF-a), that will be components of cell-interaction-bioProcesses. 

55 • Modeling Progression through Different Cell States: The Cell Cycle and Cell Differentiation 

[0184] Each cell-phase and cell-bbModel has two attributes called the Generation-number (31 8 : 0) and the Number- 
of-cells (319, N, per volume unit). At each cell division at the mechanistic level, that is. when the subworkspace of the 
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M -compartment is deactivated and optionally the sub workspace of the G1 -compartment is activated, predefined expert 
rules (Table 10) set O = O +1 and N=2n for each cell-phase of that cell-bioModel. Another attribute called Mass-per- 
cell (X), can optionally be given a value and used to calculate specific values as a function of cell mass, in which case 
predefined expert rules (Table 10) set X = X/2 for the Go-phase, and the G1 -phase if applicable, of that cell-bioModel, 
5 and then the value of that attribute would be modeled as dependent on time or as dependent on any other variable(s), 
such as the concentration of some specific mRNA(s) or protein(s), until reaching again a value of X or close to X. In 
turn, the value of X can be used to adjust other quantities or to control the activation and deactivation of the subwork- 
spaces of each successive cell-phase of that cell-bioModel, making it dependent on cell-size. The equivalent at the 
population level at mitosis is that n cells from the M-phase bioPool are translocated to the GO-phase (or the G1 -phase 
10 depending on the situation) bioPool while multiplied by 2, so that the C0(G1)-phase bioPool receives 2n cells. 

[0185] FIG. 28 is a representation of the mechanistic approach and attempts to represent on paper what can be 
achieved dynamically at run-time applying the innovations of this invention. If we assume that a cell-is in Go-phase 
state and focus on that state's sub-workspace (2801), and there we assume that variables represented as Z and W 
have received the values z and w, respectively, then a rule will be invoked (2802) that will activate the subworkspace 
is of the G1.1-phase (2803) compartment. Activation of G1 .1-phase.sw implies that all the variables and parameters 
encapsulated within the bioObjects contained upon that subworkspace will be available to the simulator, and the data 
flow can now continue through any branch of the pathways represented there. Therefore, upon required events being 
satisfied, such as Z and W reaching certain thresholds -which could be an effect of binding one or more growth factors 
to their receptors on the cell membrane, the cell makes a transition from the GO to the Gl . 1 phase. The subworkspace 
20 of the GO-phase remains activated during the whole simulation run because it encapsulates all those bioProcesses 
that are not ceil cycle specific. Focusing now on the simulation of the G1.1 -phase (2803), two expert rules could be 
invoked saying that "Whenever variable A receives a value a > o1 then activate G1 2-phase.sw" (2804), or "If X and 
Y receive values x > o2 and y > o3 then activate DifferentiatedCell.sw" (2805) and depending on which one is invoked 
first, either the subworkspace of the G1 .2-phase (2806) compartment or the subworkspace of the Differentiated-Cell. 
2B sw (2807) compartment will be activated, since the subworkspace of the G1 .1 -phase (2804) compartment will be de- 
activated by another two expert rules that state that "Whenever the subworkspace of the G1 .2-phase (or Differentiated- 
Cell) is activated then deactivate the subworkspace of the G1.1 -phase". This way of reasoning apply to the other cell- 
phases as well, with the difference that the options vary for each cell-phase. For example, the G1 2-phase (2806) and 
S -phase (2808) may be committed to only one option, with the time for progression to the next phase being determined 
30 by one rule, as shown, while the G2-phase (2809) and M-phase (281 0) have two options, and which one will be activated 
is controlled by two rules. One of the options, Apoptosis (2811 ) is a dead-end stage, representing regulated cell death. 
While in M-phase (281 0), a live cell's program tells it, before or during cell division, to continue proliferating, in which 
case one or both the daughter cells entering again the G1 1 -phase, by activating the subworkspace of the G 1 .1 -phase, 
or to exit the cell-cycle, in which case the simulation continues with only the Go-phase. Note that the options for each 
3S one ot the cell-phases have been predefined by the characteristic number of stubs for each subclass. 

[0186] The dynamics system diagram (2812) in that figure is used to represent that the defined attributes of the 
subclasses of cell-phase contain a variable that allows to keep track of the proportion of the cells, from the original 
number on Go-phase, are progressing through the phases of the cycle, as an alternative to build a model with a set 
of bioReservoirs and bioProcesses. This variable can be modeled using a probabilistic or mechanistic approach. In a 
40 probabilistic approach for representing cell-phase distributions, a balanced growth type of cell population is character- 
ized by such distributions, which is a time invariant property even if their total number increase exponentially with a 
constant specific growth rate p.. Each of the subsets of that population, which represent different cell-phases : and which 
can also be represented as separate cellPools in the system of this invention, increase in number at the same specific 
rate and are also characterized by time invariant property distributions, which is represented by the Typical -tract ion 
45 (320) attribute of each of the cell-phases. At some steps during a simulation, the alternative cell-phase compartments 
that could follow may exclude each other at the single cell level, but not at the cell population level, so that different 
subsets of a population may follow different paths, with the distribution depending on the strength of signaling events 
generated within the simulation itself. Therefore, the simulation of the value of this variable could be modeled to rep- 
resent the probabilistic distributions, independently of which subworkspaces are activated first following the mechanistic 
50 approach. 

[0187] As shown in FIG.29 : If a cellular response results only in proliferation, the simulation of the population cell 
dynamics involving bioPools of cells in different states, results in cells that keep translocating from bioPool to bioPool, 
each representing a different one from a discrete number of states, resulting in cycles through a closed-loop set of 
cell-state bioPools, one of those . However, if the response results in cellular differentiation , it generates branching to 
ss a new closed-loop set of cell-state-pools. FIG. 29 also shows how a cell populations approach bioModel can be build 
to model the translocation of cells between the major states considered, as mechanistically represented by the defined 
subclasses of cell-phase : by creating and connecting a set of bioReservoirs and bioProcesses, as the example detailed 
in the figure shows. The initial state is the resting state, represented by the cellPool Cell-Xt-Go (2901) of cells of type 
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X1 (or in differentiation stage XI) in the Go-phase. That cellPool may receive inputs (2902) from various sources 
represented by bioProcesses in which cells are added to the resting pool after having been activated or cycling as the 
result of a variety of factors, and its outputs (2903) may contribute also to a variety of such bioProcesses such as the 
one that will be here described While at Go-phase, if the cell is activated (2904) by a growth factor (2905) antigen or 
any other activating stimulus, the cell enters the activated state or G1 1 -phase (2906) and added to the corresponding 
bioPool (291 1 ). From that bioPool (2911 ), all the cells may follow one of the two different options, or different cells may 
follow different options for the next cell-phase, depending on the type and strenqth of the signals received either a) 
following the cell cycle (2908) if certain growth factor(s) (2909) are sufficiently present," resulting in cells X1 in 
G1 .2-phase pathway (2910) and added to their corresponding bioPool. or b) following the cell differentiation pathway 
(2912) it certain differentiation factor(s) (2913) are sufficiently present, resulting in cells X2 in G1 1 -phase (2914) and 
added to their corresponding bioPool (2915). Each of the cell types will be then running in parallel, with their own set 
of bioReservoirs and bioProcesses. The same reasoning applies to the rest of the system, as detailed in the figure 
which will not be further explained, only to say that al the end of the cell cycle, in the cellEngine (2916) that returns 
cells from M-phase (2917) to Go-phase (2918). has not only a translocation function, but in addition, given that the 
Stoichiometnc-coeff of cell-Xl -Go is 2 while the Stoichiometric-coeff of cell-X1-M is 1 , it doubles the number of cells 
to be added to the cell-X1 -Co-pool. 

[0188] In fast growing organisms, the dilution factor resulting from cell growth is represented by u while in slow 
growing cells direct enzyme degradation is more important, since the levels of many enzymes in animal cells is con- 
trolled by the balance between enzyme synthesis and degradation, called turnover. The synthesis of an enzyme is a 
zero-order process, while the degradation usually has a first-order kinetics (proportional to the concentration of en- 
zymes. It is very difficult to measure directly the rates of change of different cellular components at the single cell level 
A modeling framework requires at least data from measurements about the distributions of single<:ell components in 
growing cell populations, and at the time of cell division and birth, which in some cases can be obtained by multipa- 
rameter flow cytometry. 

3. Navigation and General Modes: Exploring and Queering the Virtual Models Menus and Panels 

[0189] The domain-menus associated with the Navigation Mode and the General Mode, the default user mode for 
users with no modeler or developer rights, comprise the headings: "Help & Mode Menus" (1601). "Structure Libraries" 
30 (161 9), "Pathway Libraries" (1628). previously discussed, and "Panels", which options include panels of various types 
used to access tasks that are not initiated from one single bioReservoir or bioProcess. or their components, but which 
are either application-wide or including more that one starting points. 

[0190] The Initialization Panel is used to request the initialization tasks associated with each of the buttons Here we 
will discuss the methods associated with each of those buttons. An initially rule causes this panel to be automatically 
displayed when the program is started. Selecting the "Menu" button calls the basis-menu-headollback which causes 
the creation of the specific domain-menus, by calling other procedures defined within the Shell and, depending on the 
current value of the user-mode of the window from which the request has been made, it passes as argument the name 
the menu-structures specific lor that mode. 

[0191] Selecting "References Scroll" displays the the subworkspace of the References Panel, discussed below. Se- 
lecting "Structure Queries" creates a clone of Master-General-Structure-Query-Panel and displays its subworkspace 
discussed m more detail below in relation to FIG.30. Selecting any of the "Experiment Setup #" displays the subwork- 
space of the corresponding "Experiment Setup Panel", which are variously modified clones of the Master-Experiment- 
Setup-Panel, one of which will be discussed in more detail under the Simulation Mode heading in relation to FIG 35 
since part of the capabilities provided within this type of panels can be used under the General Mode and all the 
4S capabilities can be used in Simulation Mode. 

Initialization 
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[0192] Selecting the "Navlg Inlt" button calls the navig-init-callback, which calls the navig-init-proc resulting in the 
activation of the subworkspaces of all bioProcesses and bioReservoirs and then successively callinq the followina 
procedures: 3 

the br-initialization-procsets the appropriate values of the Master-bioReservoir ( 1 208) attribute of all bioReservoirs 
highlights the flag-color region of the icon of those bioReservoirs that have Warnings, sets the appropriate values 
of the Ref-bioprocess (2235) attribute of all bioPool-posts of all bioReservoirs and establishes all the appropriate 
"a-down-bioProcess-of" and "an-up-bioProcess-of" relations between bioProcesses and bioReservoirs making 
those changes permanent (note that relations are transient in this Shell and therefore they are lost when the 
application is restarted). 



45 



BNS0OCI0 <EP. 



082161781 J > 



EP 0 821 817 B1 

the bo-initialization-proc changes the color of the type^olor region of the icon of each bioProcess to equal that of 
the b^Engtetrncap" ,a, eS 9 se,s the appropriate values of the Master-b^process (1405) attribute of each bo- 
Process highlights the flag-color region of the icon of those bioProcesses that have Warn.ngs sets the appropnate 
va^eslf the Ref-b,oreseLr (2234) attribute of all bioRole-posts ol each bioProcess. estabUshes 
bSReservofr-or and 'a-downstream-bioReservoir-of' relations between certain pairs of b,oReservo.rs that are 
separata on.y by one bioProcess, and estab.ishes "an-upstream-bioProcess-of " and "a-downstream-b.oProcess- 
of relations between certain pairs of bioProcesses that are separated only by one bioReservou 
i^SSmSSZih^ completes the downstream chaming process by extending those re.at.ons to d.stant 
SoResT^rs and biopfocesses, by establishing the appropriate •a^ownstream-bioReservo.r-of reafons be- 
tween an^oReservoir A and each other bioResen/oir that is posrtioned downstream of A >n any pathway, and 
estabHshes all the appropriate "a-downstream-bioProcess-of relations between any b.oProcesses B and each 
bioProcess that is positioned downstream of B in any pathway. 

the upstream-chaining-proc completes the upstream chaining process by extend.ng those relations to d.stant b. 
oReserSs anS bioProcesses, by establishing the appropriate -an-upstream-bioReservc-r-or relations between 
anv otoReservoir A and each other bioReservoir that is positioned upstream of A .n any pathway, and estabhshes 
an the appropTale Cupstream-b,oProcess-of relations between any bioProcesses B and each b^Process that 

er^o Tgting down the subworkspace hierarchy, and estab.ishes the following relations between any e«M». 
oMhem : 9 bmJ ontained-in between a bioMode. and a bioModel, bp-con,ained-in between a b ' oP ^ e ^^°; 
Model and br-contained-in between a bioReservoir and a bioModel. Those relafons are .mportant o all further 
processing, and are used by the newly defined query procedures, navigation procedures, and s.mu.at,on proce- 
dures described below. 

r0193l A rulo monitors the application at run time, and whenever the user moves a bioModel the rule starts the 
Somiel ^we-ch^k-proc. which checks whether the bioMode. has been moved to a different workspace .n whehcase 
S cS?the remove-bJomodel-containing-proc, to brake the old relations that no .onger apply, and *« 
nrtSLtion-proc to establish the new relations. The upstream and downstream relates are also ^ted *nd b rok e n 
r ru toe by r 8 e°of ru.es (Table 1 1 ) that monitor whenever any such chaining relation is newfy established or broken 
and in Tsponse to such events they establish or brake other relations, according to s.m.lar crrter.a^wh.ch tngger the 
sa^ruS a chain of other bioReservoirs or bioProcesses. The use of those rules makes sure that rt a modeler or 
undeletes a bioReservoir or bioProcess that is part of one such chain of relations, then the cha.n .s broken between 
2 Tenements on the breaking point. Such sets of rules are used for establishing re.at.ons whenever new 

rnnnections between bioReservoirs and bioProcesses are made by the modeler. 

SES^EISS? button is to be se.ected only after the 'Navig .nit" was been successf u lly concluded . I chang- 
[ es to L database have'been made by the mode.er since the "Navig Inif was test concluded 

Len restarted, then the "Query Inif button should be selected. The common purpose of both buttons .s to o^an.ze 
knowledge about the structure of all the bioEntities in the application, and to create a set of structures to hold that 
know.eoge.toTe used any time that the user request a predefined query that involves that kind of <«^^SS 
the "Add Query- button calls the add-query-callback. which calls the two procedures that follow Se I echng the Query 
Inif button calls the query-init-callback, which calls the navig-init-proc and the two procedures that follow. 

the et-initialization-proc scans the loaded application for every copy of each named complex^ioEntrty, and then 
assigns a vie to the Id attnbute of each such copy that is equal to the name of such bioEntity comp ex-b.oEnt.ty 
enoed bv me copy number Copies are numbered consecutively, in the order found with the or.g.nal be.ng -0. 

activates the subworkspace of the Query-Arrays-Bin and deletes any old array upon rt, 
and also deletes any old list upon the Query-Lists-Bin. and then call the following procedures^ 
fhe lind-bioentity-delinitions-proc scans the Bioen.ities-Defs-Bin. whfch contains all the object def.nrt.ons of all the 
subclasses of the class bioEntity, and for each of those subclasses « calls the create-query-array-proc wh.ch 
create ^ a^uery array, sets rts Major-class attribute equal to the name of the superior-cUass of such subclass sets 
t S-compoIent-cLs attribute equal to the name o, such subclass, and sets its Name attnbute equal to the 
name of such subclass followed by the ending -query-array, and transfers such query-array to the Query-Arrays- 
Bin at a location specific for each superior-class; 

the create-query-lists-proc creates a query-list to correspond to each query-array .n the Query-Arrays-B n and 
transfers^ £ list to the corresponding locafon upon the Query-Lists-Bin, sets its Ref-array attnbute equal to the 
name of such array and sets its Ref-component-cfcss attribute equal to the Ref-component-class attnbute of such 
arrTy then, for each of those lists and for each bioEntity of the subclass named by the ^°7°^^ S ° 
such list it calls the find-named-bioentities-wi.h-component-proc which in turn, .f such b.oEntrty has a name .t 
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directly calls for such bioEntity the procedure that follows, otherwise it calls first the find-named-bioentity-proc to 
scan the hierarchy of bioEntities superior to such bioEntity, until one is found with a name, in which case, it now 
calls for the named bioEntity the procedure that follows: 

5 - the seek-bioentity-copies-proc inserts the argument bioEntity in such list, and then scans the application for 

any copy of such bioEntity, and if any is found then it loops back for such bioEntity by calling the find-named- 
bioentities-with-component-proc mentioned above, which will repeat the cycle back to this procedure, as de- 
scribed, until the various loops for each bioEntity of every list are completed. 

10 [0195] When this process is completed, the list for each bioEntity subclass contains, with no duplicated elements, 
all the named bioEntities that encapsulate one such bioEntity, either directly or by reference. To give an example, that 
means that if a named protein instance-A encapsulates a protein-motif instance-B, then every named protein complex- 
instance-C that encapsulates an unnamed copy of instance-A (which does not itself encapsulate a copy of instance- 
B, but rather points to its master-bioEntity, instance-A, which encapsulates instance-B) will also be included in the list 

is of all bioEntities that encapsulate a protein-motif. After all such lists are completed, it calls the following procedures: 

the complete-query-table-proc simply transfers the values of the elements from each of those lists to their corre- 
sponding arrays, by fist setting the length of the array to match the the length of the list, and then setting the text 
of the initial-values attribute of each array to equal a text string that mentions all elements of the list separated by 
20 commas. The list of elements of either the list or the array can be displayed by selecting the "describe" option of 

their menus. 

the create-auxiiiary-query-arrays-proc adds a few empty arrays corresponding to the no-selection options of each 
query panel, which are simply programming aids 

and to conclude it deactivates and activates again the subworkspace of the Query-Arrays-Bin for the purpose of 
2S initializing the query-arrays upon activation, which means that the elements of the array take the values given by 

the set initial values. 

[0196] The "Icons Inlt" button calls the init-icons-callback. which function is not essential for the functioning of this 
system, but which provides a very useful cosmetic function, by realigning the tracers in the subworkspaces of bioRes- 
30 ervoirs and bioProcesses and making their connections invisible. Selection of this button is not necessary and it can 
be selected any time thereafter, when problems are detected. The same effect is achieved for individual bioReservoirs 
or bioProcesses by slightly moving and repositioning their bioPool or bioEngine, respectively, which triggers their re- 
spective icon -movement rules which also apply to repositioning the bioRole-posts any time a bioReactant or bioProduct 
is moved. 

35 [0197] Selecting the "Init All" button calls all-init -callback which calls the all the initialization procedures mentioned 
above, and selecting the "Hide" button calls the hide- workspace-callback, which hides this Panel. 

Navigation 

40 [0198] In this invention, navigation refers to the domain-specific tasks of displaying and hiding either related bioOb- 
jects or their subworkspaces. The concept of related object include various types of associations, including some that 
are permanently stored in the knowledge base, as defined by either graphic or distant connections, or containment in 
subworkspaces at any level in the hierarchy, and some that are transient such as relations, which are established and 
may be broken at run-time (note that in the system of this invention it is also possible to store run-time versions or 

45 snap-shots of the application, which also include transient objects, such as relations). Navigation tasks may be per- 
formed in any mode, but Navigation Mode has that name because the behavior of certain object classes, including the 
classes bioReservoir, bioProcess, bioModel, and cornplex-bioEntity, is restricted to do just that. This means that a 
navigation task is automatically performed upon clicking on the instances of any such classes, instead of displaying a 
menu with various other options as well, and therefore all those other tasks offered by the other options are not available 

50 in this mode. Navigation tasks are usually simplified in this filing by expressions like "selection of A starts proc-B which 
displays C", but in reality these processes do more than that in this invention: selection of A invokes proc-B which 
takes as arguments A (the item) and the current window, and causes C to be either displayed or hidden on the current 
window, depending on the value of the Toggle-state attribute of A, and in addition, the icon appearance of A is config- 
ured, switching between its pressed or depressed configuration, respectively, and the value of the Toggle-state attribute 

55 of A is alternated between on and off. In such cases, A may be either a button or any of the bioObjects that has a 
subworkspace, which in this regard behave similarly. 

[01 99] Any navigation task that is directly performed in this mode may be performed in any other mode when selected 
from the menu. Selecting any bioProcess (2410) implies its "details" option which starts the details-bp-proc which 
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displays its subworkspace (2411), in the same way that selecting any bioReservoir (2414) implies its "details' option 
which starts the details-br-proc, resulting in its subworkspace (241 5) being displayed or hidden, depending on whether 
the value of the Toggle-state is hide or show. When selecting the "details" of any bioProcess that has a master-bio* 
process but has no subworkspace. conditions which when combined are characteristic of a copy bioProcess used in 

5 the creation of Pathways, causes such first procedure to call the bp-master-details-proc which in this case displays or 
hides the subworkspace of the original (master) bioProcess, in addition to configuring the icons of both the original 
and the copy bioProcess to their pressed or depressed appearance. In a similar way, when selecting the "details" of 
any bioReservoir that has a master-bioReservoir but has no subworkspace, causes the first procedure to call the br- 
master-details-proc. BioEngines do not have subworkspaces by default, by the modeler can create one to store tabular 

10 functions. In such cases, a "show-sw" option is available, and selecting such bbEngines implies "show-sw" which 
starts the show-bioengine-sw-proc which displays or hides its subworkspace and toggles the configuration of its icon. 
The behavior of complex-bioEntities is similar, as shown in FIG.18, where selecting any bioEntity (1B08, 1813, 1815, 
1817, 1819, or 1821) implies selecting the "details 1 option which starts the et-details-proc which displays or hides its 
subworkspace (1809, 1810, 1816, 1818, 1820, or 1822, respectively) and toggles the configuration of its icon. The 

15 combination of this option with the go-to-sup-obj-button (1826) upon each subworkspace allows to navigate up and 
down in their workspace hierarchies. 

[0200] Selecting any bioP rod uct -post (71 1 ) or any bioReactant-post (703, 707), in General, Navigation, or Simulation 
Modes, implies selecting its "show-br" option which starts the rolepost-show-br-proc which displays the subworkspace 
(71 4 or 705) of the bioReservoir named by their Ref-bioreservoir attribute. Similarly, selecting any bioPool-r-post (704) 

20 or any bioPool-p-post (712) implies its "show-bp" option which starts the poolpost-show-bp-proc which displays the 
subworkspace (702) of the bioProcess named by its Ref-bioprocess attribute. This option is only available in the menu 
when the bioPool-post has a name. Selecting the go-to-sup-obj-button (1825) on the subworkspaces of each bioObject 
displays its superior object, while selecting the hide-sup- ws-button (x) hides its workspace . The combination of those 
capabilities allow to follow all the distant connections through the pathways of bioReservoirs and bioProcesses. and 

25 also up and down in their workspace hierarchies. 

[0201] Selecting any model-box (1218, 1236, or 1237) in General, Navigation, and Simulation Modes, implies its 
"show-sw" option, which starts the show-model-box -sw-proc which displays or hides its subworkspace (1221) and 
toggles the configuration of its icon. This option is used to access the model-block (1222) upon that subworkspace. 
[0202] The "bioentity" option appears in the menus of bioReservoirs (1803), bioReactants and bioProducts (1525) 

30 only when the Ref-bioentity attribute of the bioReservoir has a value, and upon selection shows or hides the subwork- 
space of the bioEntity named. The Ref-bioentity attribute is defined only for the class bioReservoir and the menu options 
of bioReactants and bioProducts refer to that attribute when connected. 

Structure Related Queries 

35 

[0203] There are two major groups of Queries: a General-Query is based only on structure and is application wide, 
while a BR-Query is in reference to the bioReservoir from which it was initiated. The Query Panels are built hierarchi- 
cally, with each radio-button from the first Selection Panel leading to another more specific Query Panel, where now 
the user can compose a selection and then initiate the Query. The word Panel is frequently used in a more general 

40 sense to refer to the subworkspace of an instance of the class query-panel. 

[0204] A General-Query may be requested by selecting from the "Panels" menu head the "Structure Queries" option 
which calls the create-general-structu re-select ion -panel-call back, which clones the Master-General-Structure-Query- 
Panel, stores the clone in the Temporary-Panel -Bin, configures its radio-box with the aid of the set-radio-box-id-proc 
and displays its subworkspace. The user may now use such Panel to select any radio-button from its radio-box, which 

45 calls the select-general-structure-selection-panel-callback with such button as one of its arguments, which in turn: a) 
gets the value of the radio-button selected, and depending on the value of the On-value attribute of such button, clones 
the corresponding master-panel, then calls the create-general-query-panel-proc with such value and the new panel 
among its arguments, which completes such panel by scanning the panel for the presence of specifically labeled radio- 
boxes and configuring the radio-boxes with the set-radio-box-id-proc, and b) displays the subworkspace of the new 

so panel. 

[0205] The user may now use that Query Panel to select any combination of one radio-button per radio-box and then 
selecting the "Query" button calls the query-general-structure-callback, which calls first the query-general-structure- 
proc, which scans such panel for the presence of specifically labeled radio-boxes and then calls find-specif ic-array- 
proc with such label as one of its arguments to find the value of the selected radio-button and the matching array within 
55 the Query-Arrays-Bin (those arrays are created during the Query Initialization process) An auxiliary scroll-text-list is 
created and, if only one radio-box is present in the Query Panel, then the elements of the corresponding array are 
transferred to such list If two radio-boxes are present in the Query Panel, then two such arrays should be found, in 
which case the merge-two-structure-lists-proc is called, which scans those arrays to find the common elements, which 
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are transferred to such scroll-text-list. An specific text-string is developed to include references to the selected options 
and to the outcome of the search, which is then given as a value to a free-text structure which is displayed as a headinq 
or the results of the search. The callback calls then the create-general-query-output-panel-proc with such scroll-text 
hst and free-text among rts arguments, which creates an output panel by cloning the Master-Molecular-Query-Output- 
5 Panel, then creates a scroll-area to display the elements of such scroll-text-list, and transfers to the subworkspace of 
such output panel both the free-text and the scroll-area listing the results of the search, which is them displayed The 
user can now use such scroll-area to interactively display or hide the structure of any number of bioEntities named by 
the options listed. 

io Pathway Related Queries 

[0206] FIG.30 illustrates an example of one of the several types of predefined Pathway Related Queries that the 
user can perform by just selecting the desired buttons from the options offered in the panels (3004 3006) All the 
searches generated from this type of panels include bioReservoirs located anywhere within the pathways that are 
either upstream or downstream, depending on the selection, of such initial bioReservoir (3001 ), and also the bioEntities 
referred to by any of those bioReservoirs. Those upstream or downstream queries can be further restricted by the type 
of roles that those bioReservoirs play in different bioProcesses, as defined by the major classes of bioReactants to 
wh.ch their bioPools are distantly connected, which is referred here as function-related search In complex queries of 
mixed type such bioEntities can be further restricted to those encapsulateing any particular component, similar to the 
Structure Related Queries described above. In such cases, the methods pertinent to the pathway search are applied 
first to generate the pathway-related set, followed by the function search, which is applied only to the pathway-related 
set and generates the function-related set, and finally the structure search, which is applied only to the function-related 
set, or to the pathway-related set if no function search has been selected, and generates the structure-related set The 
structure search applies only to the bioEntities for the purpose of displaying the results, in the sense that all bioRes- 
ervoirs that meet the selected pathway, and optionally function, requirements are listed in the scroll-area listinq the 
bioReservoirs, regardless of whether they meet any of the bioEntity related criteria. This incrementation is currently 
preferred because the Ref-bioentity of a bioReservoir is an optional attribute, and it is expected that many of the 
bioReservoirs will not have a corresponding defined bioEntity. This alternative provides a more complete search in 
,„ r^ 0f r -?' a,,Ve POSIt, ° n fUnC,i ° n ° f bioReservoir s, without being influenced by the implementation of an option 
30 [0207] These types of Query may be requested in two different ways: a) from a bioReservoir (3001 ) by selectinq 
from rts menu (3002) the 'query panels' option (3003); or b) from the subworkspace a bioReservoir by selecting the 
query-tracer (Q) connected to the bbPool A query-tracer is a subclass of list-tracer which selection implies selecting 
the tracer's show option. Each of those options starts the create-br-related-selection-panel-callback, which creates 
a clone of Master-BR-Molecular-Query-Panei, configures it, and displays its subworkspace (3004) the Pathway Query 
Selection Panel. Configuring this panel and any other panel that follows during the processing of br-related queries 
always deludes to set the value of the Related-item attribute of the panel equal to the name of the bioReservoir from 
which the query was initiated, and this name is passed along when a new panel is originated from such panel That 
is, any callback invoked from a button of a panel, takes the name of the bioReservoir from the Related-item of the 
?™ 1 UP ^ WhlCh subworks P ace « * loc ated. and passes that name as an argument when calling other procedures 
[0208] The user may now use that Pathway Query Selection Panel to select any radio-button (3005) from rts radio- 
box, whch calls the select-br-related<,uery-panel-callback with such button as one of its arguments, which in turn a) 
gets the value of the radio-button selected, and depending on the value of the On-value attribute of such button clones 
the corresponding master-panel, then calls the set-br-related-query-panel-proc with such value and the new panel 
among its arguments, which configures and completes such panel with the set-radio-box-id-proc and displays the 
subworkspace (3006) of the new panel, a Pathway Query Panel. This panel is composed of: a) the title (3022) which 
specifies the type of search being made from that panel and names the bioReservoir (3023) that is the point of reference 
for the search; b) the set of radio-buttons (3024) of the radio-box labeled -direction-, defining the two possible alterna- 
tives; c) the set of radio-buttons (3025) of the radio-box labeled "function-, which defines the possible alternatives 
available for function, wh.ch in this case we only show a small but important subset that is of high relevance to scientists 
d) the set of radio-buttons (3026) of the radio-box labeled -motifs', which defines the possible alternatives available 
for subclasses of protein-motif. Many other possible sets of radio-buttons, such as those of the radio-box labeled 
location", which defines the possible alternatives available for subcellular compartments, are not shown 
[0209] The user may now use that Pathway Query Panel to select any combination of one radio-button per radio- 
box. Selecting the 'Upstream' option (3007) calls the upstream-query-lists-callback which calls the upstream-f unction- 
query-lists-proc. Selecting the "Downstream' option calls the downstream-query-lists-callback and then the down- 
stream-function-query-lists-proc, which do the following: a) it first calls repeatedly the create-br-query-list-proc to create 
a set of two lists per each predefined type of function, one to contain names of bioReservoirs and the other the names 
of b.oEnt,t.es; b) then, it loops over all bioReservoirs that are upstream (or downstream) and scans for their connections 
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to certain classes of bioReactants, which define their function, and enters their name in the corresponding one of those 
bioReservoirs lists, for example, if the bioPool of a bioReservoir is connected to both a kinase r and a transcription- 
f actor, r, then the name of such bioReservoir will be added to each of the two corresponding lists, so that a bioReservoir 
may be named in more than one function list, but is not duplicated within one single list: and c) for each pair of one of 
5 those bioReservoirs lists and its corresponding bioEntities list, it calls the fill-br.et-list-proc which scans all the bioRes- 
ervoirs in the fist list for the value of their Ref-bioentity attribute, which if available is added to the second list. All those 
lists, to be used by the procedures described below, are associated by a relation to the panel from which they are 
created, are valid only for the bioReservoir giving the related-item of that panel, and are deleted when the panel is 
deleted. 

10 [0210] The user can now select any combination of one radio-button per radio-box, such as receptors (3008) and 
strand-motif (3009), and then select the "Query" button (3010) to complete the processing and display the results of 
the query. The processing from the "direction" button is independent and previous to the processing from the "Query" 
button. Selecting the "Query" button calls the query-br- related-callback, which first obtains the values of the selected 
radio-buttons of the "direction" (3024) and "function" (3025) radio-boxes, and then calls the get-br-function-list-proc 
is with those values among its arguments, which are used to obtain and return the corresponding set of two lists from 
the bioReservoirs lists and bioEntities lists created and tilled in the previous processing. Such bioReservoirs list is used 
to directly pass its values to the bioReservoirs scroll-area (3013) for final display, while such bioEntities list is used as 
the basis for the complex further processing that follows. The callback scans now the Panel to find whether there are 
structure related radio-boxes, such as the "motils" radio-box in this example, in which case it calls the query-br-struc- 
20 ture-lists-proc with those previous values and the bioEntities list among its arguments, which does a complex process- 
ing as following: a) it finds the label of such structure related radio-box(es) and calls find-spec ific-array-proc to find the 
value of the selected radio-button for such box(es), such as |3- strand-mot if (3009), and its matching array(s) in the 
Query-Arrays-Bin (as described for Structure Related Queries); b) if there is only one structure related radio-box, like 
in FIG . 30, then it calls merge-br-function-structure-proc, or if there are two structure related radio-boxes it calls merge- 
rs br-f unction-structure-structure-proc, passing among its arguments the values of all selected radio-buttons, as well as 
the corresponding bioEntities list filled earlier, and the array(s) now found. These procedures create a new list, the 
bioEntities scroll -text- list, and then, taking into consideration the type and value of the arguments: a) they select a text 
specific for each situation, to be displayed as a title for the results, b) they call the br-fill-etl-list-proc or the the br-fill- 
double-etl-list-proc, which enter the common elements of both the bioEntities list and the array(s) in the scroll-text- list, 
30 and c) they return the text and the scroll-text-list to the previous procedure from which they where invoked, which 
returns them to the callback. The callback passes such text to a free-text structure, and finally calls the create-double- 
query-output-panel-proc with the bioReservoirs list mentioned, the bioEntities scroll-text-list, and their two correspond- 
ing free-texts among its arguments, which creates an output panel by cloning the Master-Molecular-Query-Output- 
Panel and stores it in the Temporary -Panel-Bin, then transfers the two Iree-texts to it, creates two scroll-areas to display 
35 the elements of each of those lists in a scrollable and interactive format, and calls the complete-br-panef-proc and 
complete-br-panel-proc, which configure those scroll-areas (3013, 3017) and transfers them to the subworkspace, 
which is them displayed (3011). 

[0211] The user can now use the Pathway Query Output Panel (3011) so created to scroll through the lists of bi- 
oReservoirs (3013) and bioEntities (3017) that are the output of the query. Selecting and unselecting any option of 

40 such scroll-areas allows to interactively display or hide subworkspace of the named structure by calling the query- 
message-selection-proc or the query-message-unselection-proc. Each of the titles (3012) are directly related to the 
scroll-area below them and vary with the results of each part of the search, and they may omit naming those groups 
of buttons where not selection was made, or indicate that some search or part of the search was empty. The scroll- 
area (3013) on the top shows the bioReservoirs that meet the direction and function requirements, which are those 

45 named by the options listed, and selecting any of its options (3014) displays the subworkspace (3015) of the named 
bioReservoir. The scroll-area (301 7) on the bottom shows the bioEntities that meet the combination of direction, function 
and structure requirements, which are those named by the options listed, and selecting any option (3018) displays the 
subworkspace (301 9) of the named bioEntity. Those structures displayed can be used lo navigate in any way previously 
described, including up and down the pathways from bioReservoirs (3015) to bioProcesses (3016) and so on, from 

50 bioReservoirs or bioReactants or bioProducts to their bioEntities as shown in FIG.18, or up and down the workspace 
hierarchies, by combining the variety of tools and methods previously described. As before, all the Pathway Query 
Selection Panels, Pathway Query Panels, and Pathway Query Output Panels are dynamically created and transient, 
and when the search is completed they are no longer needed and they are deleted, as well as their associated lists, 
by selecting the "Delete" button (3027), which calls the delete-query-panel-caltback. 

55 [0212] More complex queries can be performed with an additional Master-BR-Molecular-Query-Panel with four ad- 
ditional options, to include queries previously described in combination with an additional constraint criteria, the location 
of the bioReservoirs selected by the previous criteria within the different cell compartments. Selection of any of those 
new options displays the corresponding Query Panel, and in this new set of Panels, the "Downstream" and "Upstream" 
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radio buttons are associated instead with the downstream-function-location-callback and upstream-function-location- 
callback, respectively, which call the downstream-location-query-lists-proc or its upstream equivalent Those proce- 
dures call some of the procedures previously described and also call the find-compartment-proc. The user may addi- 
tionally select any combination of one radio-button each from the radio-boxes offered in each particular panel, and 
then selecting the "Query" button now calls the query-br- related-location -call back, which depending on the boxes avail- 
able on the particular Panel calls one of an alternative set of procedures, which call other procedures. Such complex 
processing uses a similar approach and methods as those previous described to create a new set of lists and to merge 
lists with bioReservoirs meeting the different criteria. 

[021 3] The underlaying shell loads the desired application modules on memory for run time operations, but it is able 
to merge and remove modules while the system is running. Since the inference engine's reasoning and search space 
is limited to those modules that are loaded, it is necessary to create a mechanism to allow for searches in modules 
that are not yet loaded on memory. This is accomplished by maintaining in the repository module an object, called the 
query-arrays-bin, which holds in its subworkspace a set of item-arrays for intelligent dynamic merging and removal of 
the modules required at particular times, particularly when searching through the bbEntity-module and in order to allow 
for searches in a modularized application. Those contained-in-module arrays are built following similar methods as 
those described here for bioModels. The difference is that a new set of relation is defined, of the series -contained-in- 
module, and an initialization procedure that loops over all the workspaces of each loaded module, finding out the value 
of their assigned-module, and then looping over all the bioModel Libraries upon each workspace, and over all the 
bioModels upon each bioModel Library, and then continuing with the methods described in the previous section. 

Interactive Lists and Pathways 

[021 4] In addition to the various query methods previously described, this invention provides several other tools and 
methods to enable the user to extract the knowledge build entered into the system by the modeler, in addition to the 
now knowledge created by applying the methods ol this invention to analyze and integrate the knowledge provided by 
the modeler. One ol those capabilities is provided by the "list copies" option (1825) defined for the class complex- 
bioEntity, which upon selection calls the et-list-copies-callback, which creates a scroll-text-list and then calls the list- 
local-bioentities-copies-proc, which scans all the bioEntities of the same major subclass as the one bioEntity from 
which the request originated to find if the master-bioentity of any of then matches the name of such bioEntity, in which 
case the value of the Id attribute of each of those copies is added to the list. If there is any element in that list, then 
the callback creates an Output Panel by cloning the Master-Local-Bioentity-Copy-Panel, creates a specific title and a 
scroll-area, which are then added to the Panel and configured, and finally the Panel is displayed. This Panel looks like 
the Query Output Panel (3017) discussed above, with a different title. Selecting and unselecting any option of such 
scroll-area call et-copies-message-selection-proc or the et-copies-message-unselection-proc which interactively dis- 
plays or hides the subworkspace of the structures referred to by their Id, rather than by name. This also provides an 
example of how, in general, instances of bioEntities as well as bioReservoirs, bioProcesses and bioModels,or any 
other structure, can be referred to by the value of any attribute, rather than by their names, which have to be unique 
and sometimes inconvenient, but they can be avoided. Referring to attributes, defined for such or any other purpose, 
also allows to refer to groups of instances within a class, without having to refer to each individual member of the group. 
[0215] Another novel teaching of this invention is the capability of creating lists (3107) of downstream and upstream 
bioReservoirs and bioProcesses. By selecting the icon (3208) of any of those lists, the user can display on a workspace 
(3209) the elements (3221) of that list, which are pointers to all the bioReservoirs (3210) or bioProcesses that meet 
the criteria set for each specific list, and each pointer further-allows to either display the table of attributes of such 
object, or displays the object itself upon its workspace (3210). Navigation can be now initiated from those objects as 
well as any other tasks described in this invention. This capability is accessible through the "show lists" options from 
the menus of bioReservoirs (3220) and bioProcesses (3103), which appear in the menus only when they are named, 
as well as from the list-tracers in their subworkspaces. 

[0216] As illustrated in FIG. 31 . chaining-tracers are iconic programmed objects connected lo a bioPool (L) or to a 
bioEngine (L, 3105), where they are used to control the dynamic creation and display at run-time of a set of such lists 
of either bioReservoirs or bioProcesses that are either upstream or downstream of the bioReservoir upon which sub- 
workspace such list-tracer is located. Subclasses include BR-chaining-tracer and BP-chaining-tracer. Selecting any 
such list-tracer by the user implies 'show' which starts the list-tracer-handler-proc, which configures the buttons and 
depending on the subclass of list-tracor calls either the BR-chaining-proc (also started upon selection of the "show 
lists" (3220) option of the bioReservoir), or the BP-chaining-proc (also started upon selection of the "show lists" (3103) 
option of the bioProcess). The major actions performed by both of these procedures comprise: a) if the list-tracer 
already has a subworkspace : then it is displayed with its contents, otherwise a subworkspace for the BR-chaining- 
tracer or BP-chaining-tracer, respectively, is created by cloning the subworkspace of the prebuilt master structures BR- 
Chaining-Lists or BP-Chaining-Lists, respectively, which contain two sets of four predefined lists each, one set (3107) 
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is meant to be used in any user mode, while the second set (3108) is to be used in simulation mode and contain 
elements from the first set that have been activated as a result of their inclusion in a simulation model, and then such 
lists are displayed; and b) those lists are populated having as point of reference the bioReservoir (3201 ) or bioProcess 
(3101) from which they were requested, by using for each list of the set the following criteria: the elements of DBPL 
and SDBPL are downstream bioProcesses, the elements of UBPL and SUBPL are upstream bioProcesses, the ele- 
ments of DBRL and SDBRL are downstream bioReservoirs, and the elements of UBRL and UDBRL are upstream 
bioReservoirs. 

[021 7] A further novel teaching of this invention is the capability to dynamically generate displays of interactive path- 
ways, where these pathways comprise a chain of downstream, or upstream, bioReservoirs or bioProcesses, or both, 
orderly arranged in a graphic format with connections drawn between them to indicate those that are adjacent. By 
visually following those connections, the user can follow the pathways that indicate a dependency relationship between 
those bioReservoirs or bioProcesses or both. The capability to display interactive downstream pathways is accessible 
from several different types of structures: a) from an individual bioProcess (3116), in which case such bioProcess is 
the point of reference: b) from a Navigation Panel, in which case a bioReservoir is the point of reference; and c) from 
an Experiment Panel, in which case one or more bioReservoirs are the points of reference. 

[0218] As illustrated in FIG.31 , now we will refer to accessing such capability from an individual bioProcess, or from 
icons in its subworkspace that have such specific functions, to display either upstream or downstream pathways. Up- 
path-tracer (31 24) and down -path -tracer (31 17) are iconic objects located upon the subworkspace (3104) of a bioProc- 
ess (3101) used to control the dynamic creation at run-time of a graphic display of such interactive upstream (3110) 
or downstream (3118) pathway, respectively. The "show" option starts the palh-tracer-handler-proc. which depending 
on the subclass of path-tracer calls either the draw-up- pat hway-p roc (also started from the "up pathway" option 3109 
from the bioProcess) or the draw-down-pathway-proc (also started from the "down pathway" option (3116) of the bio- 
Process). The major actions performed by each of these procedures comprise: 

a) it creates a subworkspace here called Upstream Pathway Display (31 1 0) for the up- path -tracer (31 24) by cloning 
the subworkspace of Master-Up- Path way, which contains a set of prebuitt auxiliary structures. The text of the title 
(3111) is changed to refer to such bioProcess. The x-pos and y-pos (3112) are two integer-parameters used to 
keep track of the most distant bioProcess added to the Display and which: a) are used by the program to compute 
the position of the next bioProcess to be added, after which their values are updated, ii) are used by the program 
to be compared to defined threshold values that, when reached as the display dynamically grows, trigger a reduction 
in the size of the display, and iii) may be used also by the user to read the size of the Display, which may in occasion 
get very large, by observing their value as displayed in digital form. The set of resize buttons (311 3) allow the user 
to resize the Display at will; b) it creates a copy of such bioProcess, by cloning it and deleting its workspace, and 
then transfers the copy to the Pathway Display at a specified position (3114), and displays the Pathway Display 
on the window from which it was invoked; and c) it calls the create-local-up-bp-proc with such original bioProcess 
and its copy among its arguments, which for each bioReservoir that is an-up-bioReservoir-ol the original bioProcess 
finds each up bioProcess that is an-up-bioProcess-of such bioReservoir and then for each such up bioProcess: i) 
if a copy of such up bioProcess already exists upon the Display then it proceeds to iv, otherwise it creates a copy 
of such up (or down) bioProcess, by cloning it and deleting its workspace, ii) it computes a new value for x-pos 
and y-pos, iii) it transfers the copy to the Pathway Display at the new specified position (3115), iv) it creates a 
connection between random locations at the icon of such new (or existing) copy and the icon of the copy that is 
an argument of this invocation of the procedure, and v) it calls itself, but now with such up bioProcess and its copy 
among its arguments. Each of these procedures keeps looping and calling itself until all upstream bioProcesses 
have been processed, and their copies added to the Display and connected. The an-up-bioReservoir-of and a- 
down-bioProcess-of, as well as the a-down-bioReservoir-of and an-up-bioProcess-of , are inverse relations which 
were established during initialization between appropriate pairs of a bioReservoir and a bioProcess each. A similar 
set of procedures is used to display the downstream pathways from the down -path -tracer. 

[0219] FIG.31 illustrates short examples of Upstream Pathway Display (3110) and Downstream Pathway Display 
(3118). The connections are directional, with the directions of the connections above the bioProcesses indicating the 
direction of material flows, that is from the one that is upstream to the one that is downstream in relation to each other 
The directions of the connections below the bioProcesses always show the right to left direction as a result of the next 
copy being one that already existed in the display, such as those connections that revert to 3119 from other posterior 
copies. Those pathways are interactive, and selecting the "details" option of any of the icons, or changing to Navigation 
Mode and selecting the icons (3119. 3121), displays the subworkspaces (3120. 3122) of the originals of those copies, 
which allow further access to any of the navigation (3123) and all other capabilities associated with their iconic com- 
ponents, and allowing further access to possibly distant parts of the application. Pathways with only bioReservoirs or 
pathways with alternating bioReservoirs and bioProcesses can be created with similar methods, using only minor 
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modifications. In this invention the pathways with bioProcesses are preferred because they provide the most information 
about the interactions within the space constrains, while the connected bioReservoirs can be accessed by just clicking 
on two icons. Mixed pathways may become very large. 

s Navigation Panel 

[0220] An interface and methods are provided to constraint all the capabilities provided in regard to navigation and 
display of pathways, to limit the scope of the search to an space selected by the user based on the different levels of 
compartmentalization. This feature can be accessed through: a) a Navigation Panel, which can be requested from 
each bioReservoir and is dynamically created with the bioReservoir as the reference point; or b) an Experiment Panel. 
The Navigation Panel is to be used in General Mode, and is not available in Simulation Mode, since the methods do 
not activate the subworkspaces of the selected structures, as do those associated with the Simulation Mode, described 
below. 

[0221] As shown in FIG.32 : selecting the "navig-panel" option (3203) from a bioReservoir (3201) calls the create- 
direction-panel-callback which displays a Selection Panel (3204). Selecting now the Upstream radio button calls the 
select -direction-callback, which in this case further calls the create-upstream-navig-panel-callback which calls the nav- 
ig-create-upstream-lists-proc, which creates two lists with all of its upstream bioReservoirs and bioProcesses, and the 
complete-navig-panel-callback, which creates a Navigation Panel (3205) containing a scroll-area (3206) already con- 
figured to list all the possible levels of bioModels, the compartments within the virtual Model in which such bioReservoir 
or alt of its upstream bioProcesses are encapsulated. The user now has to select Ihe desired scope of the search 
space by selecting one of those bioModels. By selecting for example in this case the cytosol of the GO phase of a 
fibroblast (3211) and then selecting the LIST button (3207) calls the list-navigation-UBP-callback which creates new 
lists and calls the navig-read-up-scroll-proc to populate the new lists, displayed on the Panel (3208), with the members 
of the previous upstream lists that are encapsulated in such bioModel and all its encapsulated compartments. Those 
lists display the number of elements it contains, alerting the user about the potential size of the resulting pathway and 
if too large or too small the operation can be reset and a different bioModel, lower or higher in the hierarchy, can be 
selected. Selecting any of those lists (3208) displays (320g) its members, and selecting any of those members (3221 ) 
allows direct access to the named bioObject (3210) on its original bioModel (3211), and displaying its details (3212) 
allows to further interactively navigate through the upstream or downstream pathways of such particular bioObject 
[0222] The user can now select the PATHWAY button (3213). which calls the navig-draw-U BP -callback which calls 
the create-navig-path-tracer-proc and navig-create-local-UBP-proc to create a navig-path-tracer (3214), by cloning a 
master structure which subworkspace is partially built, which is transferred to the Panel (3205) and its subworkspace 
(3215) is displayed and further configured by calling the navig<reate-local-UBP-callback, which actions are similar to 
those prevbusly discussed in reference to FIG. 31 , resulting in the display of the selected pathway Selecting any of 
those bioProcesses (321 6) and displaying its details (321 7) allows to further interactively navigate through the upstream 
or downstream pathways of such particular bioProcess. Selecting the RESET button (3218) calls the reset -navigation- 
callback which destroys the lists and the navig-path-tracer upon the Panel enabling the selection of a different bioModel 
and repeat the process, and selecting the DELETE button (3219) deletes or recycles the Panel. 

40 4. Simulation Mode: Simulating the Virtual Models 

Initialization 

[0223] The domain-menu comprises the heads "Pathway Libraries" and " Panels", and allows also changing between 
45 user modes. Before a simulation can be run, the application must be appropriately initialized for such purpose. This is 
accomplished by accessing the "Panels" menu and selecting the "Initialization Panel" option, which displays the Ini- 
tialization Panel. 

[0224] The "Add Simul" button is to be selected only after the "Navig Init" was been concluded. If changes to the 
database have been made by the modeler since the "Navig Init" was last concluded, or if the application has been 

so restarted, then the "Simul Init" button should be selected, since it comprises the methods of the other two. The common 
purpose of both buttons is to scan the application for the availability of certain values of the bioReservoirs that define 
the initial conditions required by the simulation, and if those values have not been provided by the modeler, to infer 
those values from other values provided by the modeler, and if none of the alternative source of values are available, 
either default values will be used, including symbolic approximations, or, depending on the attribute which value is 

ss missing, to send messages to the user to provide any of the alternative values. Selecting the "Add Simul" button calls 
the add-simul-callback, which calls the simul-init-proc, while selecting the "Simul Init" button calls the simul-init-callback 
which differs in that it first calls the navig-init-proc before calling the simul-init-proc T which does the following: a) it calls 
the send-no-input-messages-proc which scans the loaded application for every bioReservoir that has a name but that 
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has no inputs, either in the form of bioProcesses connected to its biopool-p- posts, or as input model-blocks connected 
to its bioPool, and it sends a message to the user for each of those bioReservoirs found with no inputs, as a warning 
for the user to take appropriated measures if those bioReservoirs are to be involved in a simulation. The simulation 
proceeds also without those values, since inputs can also be provided through the Simulation Panel as user inputs, or 
5 otherwise the quantity of such bioPool will initially be whatever value the modeler has set or the program will set for 
the basal-quantity parameter used, or its default value, and it may or may not be exhausted during the simulation run; 
and b) it creates a set of four lists, which are transferred to the Initialization Panel, provided to inform the user about 
the source of the values for the Scaling-Density (1 307) attribute of each bioPool, by adding the name of each bioRes- 
ervoir to one of those lists that meet the following criteria: i) the list labeled UNList contains all bioReservoirs which 
10 initial-value of the Scaling-Density was provided by the modeler; ii) the list labeled AN List contains all bioReservoirs 
which initial-value of the Scaling-Density was set by the program to equal the value, provided by the modeler, of the 
if-scaling-amount of that bioReservoir; iii) the list labeled RNList contains all bioReservoirs which initial^value of the 
Scaling-Density was set by the program to equal the value of the if-scaling-amount (1210) of a bioReservoir which 
name was entered by the modeler in the If-scaling-bioReservoir (1211) attribute of the original bioReservoir; and iv) 
is the list labeled DNList contains all bioReservoirs which initial-value of the Scaling-Density was was set by the program 
to equal the default value of 1 00.0. To do so, tor each bioReservoir the proc scans the value of its Scaling-Density and 
it it has a non-default value it enters the name of such bioReservoir to the first of those lists, otherwise it calls the set- 
scaling-density-proc which sorts and adds the bioReservoir to one of the other three lists, following the criteria men- 
tioned above, after setting the value of the Scaling-Density of its bioPool accordingly. 
20 [0225] The sel-scaling-density-proc discussed above is the method used in the current implementation of this inven- 
tion in conjunction with the scaled reasoning used as default. An afternative method for setting the values of the scaling- 
density attribute, to be used when more quantitative information is available for the system to be modeled if the modeler 
prefer the mixed absolute/scaled type of reasoning, is the.long-set-scaling-density-proc which is much more complex 
but also more specific, and involves the known values of the kinetic-parameters of the participating bioReactants for 
25 each process. A mixed approach can also be developed where if those kinetic-parameters are known then the reasoning 
of this procedure is applied, and if they are not available, then the previous more generic procedure is called. 
[0226] With the one alternative way of simulation where the original bioObjects are used, when selecting Simulation 
Mode from another mode starts the version of the change-mode-proc which causes the subworkspaces of all bioRes- 
ervoirs and all bioProcesses to be deactivated, and during the processing involved in activating a submodel for simu- 
30 lation, the subworkspaces of only the bioReservoirs and bioProcesses selected to participate in such simulation will 
be activated; while when leaving Simulation Mode to another mode causes the subworkspaces of all bioReservoirs 
and all bioProcesses to be activated again. The version of the change-mode-proc used with the other simulation al- 
ternative, where clones of only those bioObjects to be used are created, does nor contain the lines refering to activation 
or deactivation of subworkspaces. 

35 

Simulation Panel and Procedures 

[0227] Because the applications build with this system can become very large, it is important to have control over 
which parts of the Virtual Model are included in a given simulation. To control performance, two implementations are 

40 provided with this system, each having advantages over the other depending on the hardware facilities available: 

[0228] In the first implementation, the constraining of the simulation space is achieved by using activatable subwork- 
spaces for composite bioObjects. such as bioReservoirs, bioProcesses, and certain time-compartments, and by having 
all those structures initialized to a deactivated state. Only the subworkspaces of the desired structures at any given 
time are activated, and only their contents are therefore participating in a given simulation and associated inferences. 

45 Methods associated with buttons on the entry-panels used for simulations and experiments, activate the subworkspac- 
es of bioObjects connected along the desired pathways and encapsulated in the selected bioModel or compartment, 
and this activation is necessary for propagating values along the pathways. Inactivation of those subworkspaces occur 
upon resetting the selection within those panels. This mechanism is also very utile in activating or deactivating entire 
branches of a simulation model at run-time. The efficiency of large scale simulation applications is further improved 

so by having the initiation of the simulation of different subcomponents of the high-level bioModel be driven by events, 
when appropriate, or by time intervals. This implementation allows only a single user to run simulations concurrently, 
since the attribute values of the bioObjects change during the simulation, as well as the activation state of such sub- 
workspaces. For multiple users, multiple processes of the program have to be started. 

[0229] A second implementation is based in dynamically cloning those bioReservoirs and bioProcesses, or certain 
55 time-compartments, required by the simulation, and to use those clones to hold the changing attribute values, rather 
than the originals. In this implementation, the subworkspaces of bioReservoirs and bioProcesses are not activatable, 
remaining always activated. On the other hand, the subworkspaces of certain time-compartments are still activatable, 
are deactivated when created, and their activation is controlled during the simulation, operating as in the first imple- 
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mentation. This implementation allows multiple users to run simulations concurrently, each on a different window but 
increases the burden on the system by increasing the required RAM to hold the additional transient copies and to run 
more than one simulation concurrently Since the system of the current invention is modularized and the modules can 
be dynamically up-loaded and down-loaded, part of this problem can be solved by up-loading the module(s) that contain 
the originals, creating the copies for the various simulations on the top module, and removing the modules that are no 
longer required from the memory, before the simulation is started. 

[0230] A simulation can be initiated from any named and connected bioReservoir in the virtual Model from the 
bioPool of such bioReservoirs, or from the bioReactants and bioProducts connected to such bioPools As' shown in 
FIG.33, selecting the "simul panel" option (3303) from the desired bioReservoir (3301), which is only available when 
in Simulation Mode, calls the create-input-type-proc which creates one of two types of entry-panel by cloning one of 
the prebuilt master structures and displays the subworkspace (3304), called a Simulation Selection Panel depending 
on whether the subclass of bioPool involved represents soluble or bound bioEntities (Concentrations or Density inputs 
respectively). Either Panel (3304) prompts the user to select the type of input, and the choices offered are combinations 
of absolute or scaled values with one-time or periodic inputs. Selection of one of the radio-buttons calls the select- 
input-panel-callback, which: a) according to the user's selection it calls one of a set of specific procedures including 
such called in this example, the create-periodic-relative-input-panel-proc, which creates and partially configures one 
entry-panel of the specified type by cloning one of the several prebuilt masters; b) it creates two lists and then calls 
the fill-br-downstream-lists-proc to search the application for all bioReservoirs that are downstream of such reference 
bioReservoir, as defined by the relations established during the initial initialization, and fills the DBR list with those 
bioReservoirs, and then do the same for the downstream bioProcesses to be added to the DBP list and uses those 
values to configure the scroll-area; and c) it calls complete-input-panel-proc to complete that panel and display its 
subworkspace (3305), called here a Simulation Panel. Each of the entry-panels is related to the bioReservoir (3301) 
or the bioReseivoir referred by the bioReactant, from which the request was originated, that is, the Related-item attribute 
of the entry-panel newly created is a pointer to such bioReseivoir. The difference between the one-time or periodic 
inputs typos of Simulation Panel is that the latter has two additional entry-boxes to allow the user to enter the timo 
interval for subsequent entries (3309) and the number of subsequent entries (3308) at such intervals of the amount 
indicated by the entry value (3306) and starting at the indicated time (3307). The difference between the absolute or 
scaled inputs types of Simulation Panel is that the entry value in the former is given in some units standardized through- 
out the application while the latter is a dimensionless value. The prebuift panels contain the overall layout with the 
common components, while other structures specific for each bioReservoir are added dynamically at run time 
[0231] The Simulation Panel (3305) can now be used to interactively set-up and start simulations comprising a de- 
sired bioModel by selecting one Irom the scroll-area (3312), as described in relation to FIG.32. to allow selection of an 
adequate size of the model to be simulated. The parameters and optional capabilities used for the simulation at run- 
time are configured by using an structure upon the Simulation Panel specific for that purpose, the Shell's model-defi- 
nition (3318). Its table of attributes (3319) allows the configuration of any desired attributes. The Items-belonging-tb- 
this-model (3320) is set by the program to name the bioModel selected by the user, and the variables and parameters 
that form part of the simulation model are all those encapsulated in any of the bioReservoirs and bioProcesses in the 
pathway contained in the workspace named by such attribute. This is important when dealing with very large systems 
allowing to focus the computer resources on the subsystems of interest. Further attributes are used to set the time 
interval (341 1 ) between simulation cycles, the type of integration algorithm (3412) desired for the state variables the 
configuration for any external simulator (3413) that can also be used to receive or provide values of the variables in 
this model; the name of any main procedure (3414) that is invoked once every simulation cycle, which may start or 
call any other procedure, and which in this case calls the model-simulation-proc; a choice to send all the values to 
external databases or simulators (3415) at the beginning of each cycle; an indicator (3416) of whether the simulation 
is not-running, running or paused, or whether is nothing to simulate or is a simulation error; and the configuration of 
the simulator clock (341 7) to run either synchronously or as fast as possible, which is more appropriate tor simulating 
models which actions take place over long time periods. This Panel permits the user to enter the input value (3306) to 
be added to the Accumulation of such bioReservoir and the time (3307) of such input. Help buttons in each section of 
the Simulation Panel provides instructions for the user in how to proceed, such as the one (3310) which subworkspace 
is shown (3311 ). Following those instructions, selecting the LIST button (331 3) calls the list-simul-callback which finds 
the previous lists and then calls the read-scroll-proc to search for the members of those lists that are encapsulated in 
the bioModel selected by the user, as previously discussed and fill the lists labeled DBRL (3314) with downstream 
bioReservoirs, the SDBPL list (3315) with downstream bioProcesses, and the the UBRL list with bioReservoirs that 
provide the inputs for such bioProcesses but which are not included in the first list. 
55 [0232] As shown in FIG.34, selecting one of the bioReservoir lists (3314) displays a workspace (3401) with pointers 
(3402) to each of the elements of that list, which allows to examine the bioReservoir that are to be included in the 
simulation. Selecting any of those pointers (3402) allows the user to either display the table of attributes (not shown) 
of that bioReservoir or to directly display the bioReservoir. and its subworkspace (3419). upon its bioReservoirs Bin 
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In a similar way selecting the SDBPL list (331 5) displays the pointers (3405) to the bioProcesses that are to be included 
in the simulation, which upon selection (3406) directly displays the bioProcess and its subworkspace (3425) The user 
can examine those lists to decide whether the selection made is appropriate before proceeding. If not satisfy the user 
can reset the panel and transfer to the panel additional or different submodels, and press the "List" button again. 
[02331 When a Simulation Panel is created, the ACTIVATE (3316) and START (3322) buttons are disabled to prevent 
the user of taking such steps prematurely. When the processing associated with the LIST (3313) button is completed, 
the ACTIVATE button (3316) is enabled, and when selected it calls its associated procedure specific for each type of 
Simulation Panel Such procedures check that a value has been entered by the user and then call actrvate-simulation- 
oroc which in turn a) looks on the Panel for the three lists created above and calls the activate-model-proc with those 
lists as arguments Upon entering the Simulation Mode the subworkspace of all bioReservoirs and bioProcesses are 
deactivated so that their variables become inaccessible to the simulator. The function of this procedure is now to scan 
the DBRL (3314) DBPL (3315), and UBRL lists and activate the subworkspaces of each of their elements, which are 
the ones that will be now included in the simulation, after which returns back to the previous procedure which scans 
for the Basal-Density attribute of the now accessible bioPool of each of the bioReservoirs on those DBRL and UBRL 
lists and if its value has been modified by the user then it adds the name of the bioReservoir to the User-BC tot of the 
set described below and if its value has a default value then it calls the basal-density-proc for such bioReservoir. 
[02341 A simulation starts with the baseline model, after being initialized by setting the initial values of the initial 
amounts ol the bioPools (concentrations, densities, scaled-amounts, or other quantities, depending on how the bi- 
oPools involved where defined) to be equal to the values of the corresponding basal amounts. In order to activate the 
system a disturbance may be introduced by entering one or more inpul values through the entry-panel of the desired 
bioReservoir or through the desired experiment-selections of the Experiment Panel (below) By entering different val- 
ues for those variables, or by changing the values of the constant parameters, what-if analysis can be performed on 
the system Montecarlo simulations can be performed using a montecarlo-model-block as an input to each of the 
bioPools desired as test inputs, and the simulation can then be started from either the entry -panel of a desired bioRes- 
ervoir or through the desired experiment-selections of the experiment-panel, without entering entry-values. The history 
of values for each of the variables of interest can be stored in the form of a matrix-like structure that is an array of 
arrays of values for each variable or parameter. The values of those arrays are transient values that can be used for 
statistical and sensitivity analysis within this system, or can be archived to a text file external to the system of this 
invention or the values can be transferred to an external statistical package for lurther analysis In addition, if the 
values of those arrays are desired in a permanent form within this system, this is accomplished by using the procedure 
provided to make the initial values of an array equal to the list of its current values, separated by commas 
[0235] The basal-density-proc has an important inference role since the value of the Basal-Density (or the Basal- 
Concentration) is used when the simulation is started as the initial value for the state variable of the bioPool, the 
Accumulation The task of this procedure is to obtain a value for that attribute, if the user has not specifically entered 
one from other data and information contained in other attributes of that bioReservoir or its bioPool. It also uses a set 
of lists encapsulated in the structure labeled BA (3317) upon the Simulation Panel to sort and list all the bioReservoirs 
to be included in the simulation, to indicate the source of those values used for the Basal-Densrty. The user can examine 
the results of that inference after the processing associated with the ACTIVATE button is compleled, when the button 
becomes disabled and its appearance changes. 

[02361 Selecting the BA button (3317) displays its subworkspace (3523) with a set of lists filled by the program 
following the criteria discussed below. Those lists can now be examined by selecting their icons to find out which of 
the bioReservoirs got the value from each of the alternative more or less precise sources. Various alternative versions 
of this procedure are made available, which are disabled and the one preferred is enabled by the modeler to better 
match the particular application. Alternatively, each of the alternative versions could be made specific for particular 
subclasses or groups of bioReservoirs. This procedure initially scans the normal-basal-density value of the bioReservoir 
and if that value is different from the default value of 9.99e-99 then the Basal-Density is set equal to its value, and the 
name of the bioReservoir is added to the NBD-BC list. It the subclass of bioReservoir is sol-mol-reservoir then the 
Basal-Concentration would be set equal to the value of the normal-basal-concenlration if different from the default 
value In the alternative implementation shown here, if the subclass of bioReservoir is sol-mol-reservoir this Procedure 
scans the normal-basal-concentration value of the bioReservoir. if that value is different from the default value, 9.99e- 
99 then the Basal-Density is set equal to its value multiplied by the Avogadro's number, which states that each mol 
has 6 023e23 molecules, and the name of the bioReservoir is added to the NBC-BC list. The conversion is made when 
modeling complex mixtures of bound and soluble molecules For example, for many biochemical systems where the 
molecules form large localized active complexes molecules are not homogeneously distributed, and therefore rt is more 
meaningful to integrate in a bioProcess the quantities of both types of bioPools representing bound and soluble mol- 
ecules using the number of molecules rather that their concentrations. If the normal-basal-density (or normal-basal- 
concentration) has the default value, then this procedure scans for the Scaling-Density attribute of the bioPool and rt 
it has the default value then the bioReservoir is added to the 'NO BC list Otherwise, this procedure scans for the 
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Scaled-Basal-Amount of the bioPool, and if its value is not the default value, then the Basal-Density is set equal to the 
value resulting from multiplying the Scaling-Density by the Scaled-Basal- Amount values and the name of the bioRes- 
ervoir is added to the SBA-BC list. Otherwise the Basal-Density is set equal to the value resulting from multiplying the 
Scaling-Density by a factor associated according to the symbolic value of the Abundance attribute of the bioReservoir, 

5 which value is set by the modeler or otherwise the default value is used, and the name of the bioReservoir is added 
to the PAB-BC list. The inference engine may proceeds the search for other sources ol values, such as in an alternative 
method, where this procedure sets the value of the Basal-Density equal to a value proportional to the physiol-max- 
density (or physiol-max-concentration) of the bioReservoir if this value is different from default. If the user has not 
entered any of those values, then the program sets the value of the Basal-Density equal to the average of any known 

to thresholding parameters of any bioReactant connected as an output of this bioReservoir, such as the Km, Ks, Ki or 1/ 
(2*Kp). This alternative method emulates the following reasoning: the value of Basal-Density represents physiological 
conditions and it is assumed that physiological concentrations approach the mid-range functional concentrations in 
the most relevant bioEngine in which the bioReservoir participates, as represented by constants such as the Km for a 
substrate, the Ki for an inhibitor or the Ks for a ligand or complex -subunit. If those values are not known, a message 

'5 j s displayed requesting the user to assumed some values, based on comparisons with similar systems. Under normal 
in vitro assay conditions, an enzyme is generally present in limiting or catalytic amounts, in a range between 10e-3 nM 
and I0e2 nM, while a substrate is generally in the range of 10e3 nM to I0e7 nM. This value can be adjusted at a later 
time as more is learned about the system. If none of the alternative means are provided the system's default values 
are set. 

20 [0237] Once the participants in the model have been activated and configured, the input values have been entered, 
and the model-definition has been configured, the simulation is started by selecting the START button (3322), which 
depending on the type of Simulation Panel will call one of the six procedures specific for each of the one-time Panels 
or for each of the periodic Panels, which read the input values entered by the user and perform different types of 
processing depending on the types of variables involved. The concentration-entry-panel is used to input the absolute 
2S concentration value entered by the user in the input-value edit-box, in units such as molar, which is added as a con- 
centration or is converted and added as a density (depending of the alternative options available in this implementation). 
In a similar way the density-entry-panel is used to input an absolute density value, such as units/compartment, while 
the relative-entry-panel is used to input the scaled dimensionless value. Those input values are used the values of the 
corresponding attributes in each type of bioPool, such as the density-entry or the scaled entry at the time of entry value 
30 entered by the user, where these values are then integrated by the formula of the Accumulation of such bioPool at the 
next simulation cycle, and the values of such attributes are reset to 0.0 after one simulation period has elapsed since 
the time the input values were set. The set of periodic type of Panel follow initially the same type of processing, but 
the setting of the values of the density-entry or the scaled entry attributes of the bioPool occurs then repeatedly as 
many times as entered by the user in the entry frequency edit -box at times intervals as entered by the user in the time- 
rs interval edit-box, beginning at the simulation time entered by the user in the input-time edit-box. Each of those proce- 
dures-then call start-simulation-proc, which requests the simulator to run the model as previously defined in the model- 
definition. 

[0238] During the simulation run the model-simulation-proc is called once every simulation cycle, which sets the 
values of the attributes current-simulation -time and current-simulation-time-increment of the entry-panel. The user can 

•to select the T" button (3325) to display its subworkspace (3418), which contains a digital display of those values as well 
as the values of other performance parameters. This procedure also calls the compute-graph-transform-proc described 
below. By selecting the PAUSE button (3323) or the RESUME button (3324), which call their associated procedures, 
the user can pause and resume the simulation at will. By selecting the RESET button (3326) the reset -simulat ion - 
callback resets all the buttons on the Panel and calls the reset-proc which: a) first it scans the DBRL, UBRL, and DBPL 

45 lists and resets each of the bioReservoirs and bioProducts listed, including their status attributes, their icons and de- 
activating their subworkspaces; and b) then delete those lists. The DELETE button (3327) is disabled when the LISTS 
button is selected and it is not enabled until the reset is completed, preventing the user from deleting the panel before 
at) the participants in the simulation that may have been modified are reset. The procedures are modified for the alter- 
native implementation of the simulation, when copies are used instead of the original bioProcesses and bioReservoirs 

50 so that the values of the originals are not modified. 

Digital and Graphic Displays of Dynamic Values 

[0239] This system's graphic interface allows simulations to be followed in different ways, including: a) creating path- 
55 ways on a workspace where dummy copies of the bioProcesses involved, or full copies of both the bioReservoirs and 
bioProcesses involved (depending on the alternative method of simulation used) of all the participating), are located 
in sequence and the corresponding connections between them are drawn. These structures allow to further interactively 
navigate through the system as usual, including back to the originals from which the copies were made; b) animation 
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by color changes of the activated components; c) display of the current values of desired variables in digital form; d) 
dynamically created graphs of a set of time series of the values of desired variables: and e) dynamic charts of the 
values of a variable versus another variable. The current values of the variables of each bioReservoir or bioProcess 
are by default displayed in digital form (3403 and 3404). To dynamically display the time course of the values those 

s variables for the time frame selected during a simulation graph-tracers are used, which subworkspaces with a graph 
and associated structures are not stored, but are rather created or deleted when the user selects one of such tracers. 
A graph-tracer is an object connected either to a bioPool (3420 and 3421) or a bioEngine (3426), used to control the 
dynamic creation and display at run-time of a graph which plots the values over time of key variables or parameters 
of the bioObject where they are contained, scaled or absolute versions for bioReservoirs. Selecting the •show-plot" 

10 option calls the graph-tracer-handler-proc which depending on the class of the graph-tracer from which it was invoked 
calls either the scaled-BR-graph-proc, the absolute-BR-graph-proc, or the scaled-BP-graph-proc. which first create a 
subworkspace (3422 or 3427) for that tracer (3421 or 3426) with all its contents by cloning the subworkspace of the 
corresponding prebuilt master structure, and then configure the labels of the graphs (3423 and 3428) and the ref- 
bioreservoir or ref-bioprocess attribute of each of the graph-tranf-vars (3424 or 3429) upon such new subworkspace 

is to refer specifically to that bioReservoir (3419) or bioProcess (3425), respectively 

[0240] The design of graphs and associated structures deal with plotting multiple variable which values differ by 
orders of magnitude on graph structures that do not provide multiple axis scales. In the current implementation, the 
system automatically adjusts the scale to the current values of the time-series to be plotted, using a system of inter- 
mediary variables to dynamically transform those disparate values into others that fit a common scale. This set ol new 

20 variables are instances of subclasses of the class transf-faclor-var, a float-variable. Among the attributes o( transf- 
factor-var are: "transform", which value is given by an instance of the class graph-transf-var; and Ref -variable, which 
makes reference to the particular attribute of a bioObject that provides the input value. The Label and the Transform 
value are displayed The role of the graph-transf-var is to hold a transformed value of the current value of the parameter 
or variable referred to by its Ref-variable. The transformed value is suitable for plotting within the scale of the related 

25 graph. The role of the transf-f actor- var is to hold the value of the factor necessary to obtain the desired transformation, 
as inferred by the compute-graph-transforms-proc only when a simulation-model is running. Each subclass of the class 
transf-factor-var corresponds to one of the bioObjecfs attributes to be transformed, which matches the value defined 
for the Label attribute of each subclass. The transf-factor-var provides by itself the order of magnitude of the variable 
it transforms Selecting the "hide-s. graph' option of the bioReservoir, which appears only when the graph upon the 

30 subworkspace of the scaled-BR-graph-tracer exists, or deselecting the graph-tracer, or selecting the delete option 
directly from the subworkspace of the tracer deletes that subworkspace with its contents. The same applies for the 
other classes of graph tracers. 

Scaled Computation Approach for the Variables of bioReservoirs and bioProcesses 

35 

[0241] The formulas of the parameters and variables that dynamically characterize a bioPool, depend on other nu- 
meric variables or parameters that are either attributes of the bioPool (FIG. 13) or its bioReservoir (FIG. 12), or that are 
attributes of the bioReactants (FIG. 14) and bioProducts (FIG. 15) that represent such bioReservoir in different bioProc- 
esses. Table 1 lists a representative set of formulas, as examples of generic simulation formulas comprised in this 

40 invention to simulate a set of scaled-valued variables and Table 2 lists a set of generic simulation formulas specific for 
the Contribution of different subclasses of bioReactants that incorporate the values of scaled-valued variables or pa- 
rameters. Table 5 lists a set of generic simulation formulas that are alternatives to the formulas in the set shown in 
Table 2, and which can be used in this invention to incorporate the values of absolute-valued variables or parameters 
into the Contribution of each bioReactant. These formulas for the Contribution do scale those absolute values using 

45 either a linear or sigmoid approach, depending the role in a bioProcess represented by each class of bioReactant. 
Therefore, since the output of the Contribution is dimensionless, whether the inputs are scaled (as in the case of using 
the formulas in Table 2) or absolute (as in the case of using the formulas in Table 5), it is now possible to integrate in 
a single bioProcess a mixture of bioReservoirs, where some of those bioReservoirs use only the scaled-valued vari- 
ables while other bioReservoirs, called of mixed-type, use a mix of the scaled-valued variables, such as the Scaled- 

so Amount : and absolute-valued variables, such as the Density. Those two values are interconvertible by using the value 
of the Scaling-Density, as computed by the formula for the Density in Table 5, so the user may be able to display the 
output of a simulation also as converted back into Density units in this case. The Contribution can be used in conjunction 
with cither absolute-valued or scaled-valued variables, and therefore allows to integrate parts of the simulation where 
the absolute values of parameters and initial conditions are known, where other parts of the simulation where those 

55 values are unknown an have to be approximated, which is best done when using dimensionless values. 

[0242] The Quantity of the bioPool is the only quantitative output value propagated from any component of a bioRes- 
ervoir to any component of a bioProcess. That output quantity value of the bioPool is used to compute either: a) the 
value of the Velocity of each bioEngine connected to each bioReactant connected to such bioPool, which is the method 
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normally used when using the absolute computation approach, to be discussed below; and b) the value of the Contri- 
bution of each btoReactant connected to such bioPool. which is an intermediary variable which is used to compute the 
value of the Velocity of the bioEngine to which that bioReactant is connected, in combination with the Contributions of 
all bioReactants connected to such bioEngine, this being the preferred method used when the scaled reasoning mode 
of simulation is preferred by the modeler or user. The formulas for the variables that give the value for the Contribution 
are specific for different classes of bioReactants, as more specifically defined in Tables 1 and 2 The formulas for the 
classes that represent reactants that bind to specific sites other reactants, such as substrate r, ligand r inhibitor r or 
lon.r, are designed as to provide a sigmoid scaling around their characteristic kinetic parameters which implicitly pro- 
vides a smoothed thresholding of the Quantity of the bioPool for that particular bioProcess, as represented by the 
bioReactant. When using the scaled-valued set of variables, the Scaled-Amount is used in conjunction with the corre- 
sponding scaled kinetic parameter, as the examples given in Table 5 show. The formulas for the Contribution for other 
classes of bioReactant, such as receptor.r or enzyme.r, are designed as to provide a linear scaling from none to their 
maximum observed value, represented as 100 if such absolute value is unknown. In contrast with the absolute mode 
of computation, where there may be great variability in the formulas needed to provide the value for the Velocity 
depending on the class of bioEngine involved, in the scaled mode of computation the variability is introduced to a 
much lesser extent in the simulation formulas that provide the value tor the Contribution, while only one very generic 
simulation formula is required for the Velocity ot all classes of bioEngines. As listed in Table 1 , the very generic simulation 
formula for the Velocity included in the current implementation of this invention integrates various coefficients and a 
rate-constant to give the modeler or user the flexibility of by changing the values of those attributes of the bioEngine 
to modify the behavior of the system in different ways, without the need to write specific formulas for each situation 
while the default values of those attributes do not affect the system. 

[0243] The Velocity of each bioEngine is used to compute: a) the Production-Rate any bioProduct connected to such 
bioEngine; and b) the Consumption-Rate any bioReactant connected to such bioEngine, which may be 0 0 if such 
bioReactant represents a reactant that is not consumed in such process, or may have a value that may be withdrawn 
from a bioPool as an output (like any standard Consumption-Rate), bul then retained for a period of time and then 
returned back to the bioPool as an input (like any standard Production-Rate will do), as specified by methods specific 
for the variables of such particular pair of bioReactant and bioPool, or for a group of such pair which are identifiable 
by some specific common attribute, or which are defined as separate subclasses of their respective classes Several 
bioProcesses may contribute through their outputs to the Input-Rate of that bioPool, which values are then integrated 
when computing the value of the Accumulation of that bioPool. Users can also add (or remove) an absolute or scaled 
amount during a simulation to the selected bioPool, by having specific procedures setting the values of specific at- 
tributes of the bioPool. which are then integrated into the Accumulation by its simulation formula The Basal-Quantity 
(which may be either a Basal-Concentration, a Basal-Density, or a Scaled-Basal-Amount) represents the initial condi- 
tions, and provides the initial-value for the integration of Accumulation, which is a state variable that integrates all other 
dependent variables. When using the scaled-valued set of variables, the value of the Scaled-Amount is the value of 
the Accumulation constrained to a range within 0.0 and 1 .0. The values of the Concentration or Density are constrained 
to not be less that 0.0. 

[0244] The implementation of the intermediary variable, the Contribution, is a novel and very important teaching of 
this invention, particularly in applications when the knowledge of the quantitative parameters and initial conditions of 
the system are incomplete, or when a more abstract and generic system is desired, such as when providing a Shell 
to be used in different and unpredicted ways. This implementation is relevant in several different ways It allows to treat 
each of the bioReactant of a bioProcess as a generic self-contained unit, which allows to model also participants in a 
bioProcess which are known to interact but which exact roles in such process are unknown, where the velocity is 
genencally computed by simply multiplying the contributions of any participant that the modeler may want to model 
These generic units become even more generic when used in combination with the set of scaled-valued variables 
which allow the user to enter values based on expert knowledge, or quickly perform what-if analysis. Another importani 
result of using the Contribution is that it allows to perform quantitative simulations that integrate into the Velocity of any 
bioProcess values originated Irom bioReservoirs with both types of absolute-valued and scaled-valued variables This 
means that those parts of the complex model where the absolute values of their kinetic parameters and initial conditions 
are known can be integrated with other parts of the complex model where relative values are used because the absolute 
values may be unknown. The abstraction provided by the Contribution also facilitates the use of bioProcesses as black- 
boxes, which are also be implemented in the current invention without using the Contribution. Black-boxes are used 
to represent any type of participant that is known to cause something to change somewhere down the line even if it 
is known that other intermediaries are involved, but where the details or identity or even the existence of those inter- 
mediaries is unknown. The bioReactants in a black-box represent the entities (of bioPool(s)) that cause some effect 
on some other distant entities or bioProducts (the input to other bioPool(s)), and like in other generic bioProcesses 
either the k.netic<oefficient (scaled or absolute) that modifies each bioReactant, or the rate<onstant that modifies the 
overall process, representing the proportionality factor between the quantity of cause(s) and the quantity of effects 
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can be used. 

Absolute Computation Approach for the Variables of bioReservoirs and bioProcesses 

[0245] More standard ways of quantitative simulations using the known absolute values of the system parameters 
and initial conditions can be performed by using only the set of absolute-valued variables or parameters, and by using 
a different set of generic simulation formulas, such as those shown in Table 3. From those variables, the one that offers 
more variability in the formulas needed for each class of bioEngine is the Velocity, which is in contrast with the scaled 
mode of computation where only one very generic simulation formula is required for the Velocity of all classes of 
bioEngines. It is also possible to write very complex simulation formulas to encompass a variety of different situations, 
such as that in Table 4. The value of the Velocity of a bioEngine in this approach depends directly on the Quantities of 
the bioPools connected to each bioReactant connected to such bioEngine, which is the method normally used when 
the formulas that give the value of the Velocity are those that represent the equations that a biochemist will normally 
use to compute the velocity of a reaction, based on the quantities of the reactants and on some known kinetic param- 
eters, such as the Michaelts constant (Km), inhibition constant (Ki) or the equilibrium dissociation constant, and which 
the preferred method used when the absolute reasoning mode of simulation is preferred by the modeler or user. The 
simulations formulas tor the Velocity of absolute-valued enzymes, such as that listed in Table 3 (which is equivalent to 
the Briggs and Haldane approach where V = n* kp*[E]"[Sy(lS] + Km * X), where X = 1 if no inhibitors is connected to 
the bioEngine, or X = (1 + [l]/Ki ) if an inhibitor.r is also connected to the bioEngine), assume the instantaneous or initial 
velocity approach, since increases or decreases in the Concentration of the substrale are updated at small time intervals 
in this invention. 

Experiment Panel and Procedures 

[0246] An Experiment Panel (3503) is a facility that allows to perform many of the tasks previously discussed, but 
with the additional capability of using multiple points of reference for the generation of lists, creation of pathways, or 
as the recipients of quantitative inputs for simulations. In contrast to the Simulation Panels, which are dynamically 
created and deleted when requested from the bioReservoir that serves as point of reference, a Library of Experiment 
Panels are created as permanent generic structures with different designs, accessible through the "Panels" head (3501 ) 
of the domain-menus associated with the General Mode and with the Simulation Mode previously discussed. Each 
Experiment Panel is the subworkspace of an instance of entry-panel created by cloning the Master-Experiment-Setup- 
Panel. As shown in FIG.35, selecting one of those options (3502) from the domain-menu (3501 ) displays the subwork- 
space (3503) of the named entry-panel, which corresponds to one of those predesigned Experiment Panels. The new 
components of such Panel are the structures (3504) organized in columns and rows which are instances of class 
experiment-selection. New designs are created by deleting of adding any number of such auxiliary structures, used 
to select the combination of bioReservoirs that are to serve as the points of reference in such experiments, and also 
to allow the user to enter the input values for quantitative simulations of such experiments. 

[0247] Selecting one of the experiment-selections (3504) displays its table of attributes (3505) which allows to: a) 
enter a short name in its Label attribute displayed on top of the icon, b) select a bioReservoir, as entered in its Ref- 
bioreservoir slot, and c) enter whether Currently selected is true or false. The values of those attributes are sufficient 
to perform any of the qualitative tasks associated with this panel. If a quantitative simulation is desired, any of the 
values for the other optional attributes may be entered, such as those for an absolute-valued input or an scaled-valued 
input, time of input, time interval for periodic entries, and entry frequency, which have the same use as those previously 
discussed in relation to FIG.33. The configurations of any or all those experiment-selections can be stored for later 
use, and the combinations of different experiment-selections to be included in a particular experiment may be quickly 
changed at will by changing the value of the Currently selected, since only those with such value set to true, which get 
also highlighted with a different color, are included in the processing when any of the tasks is requested. This allows 
the user to have a set of experiment designs for those types of experiments most frequently used. The BIORESER- 
VOIRS button (3506) provides a graphic tool to facilitate the task of the user in selecting the appropriate name to enter 
in the Ref-bioreservoir attribute of those experiment-selections, to be selected from among the large number of bi- 
oReservoirs in the Virtual Model. Selecting this button displays its subworkspace (3507) if one exists, or calls the BR- 
scroll-callback which creates one, containing an scroll-area listing in alphabetical order all the named bioReservoirs 
loaded on memory, and which in addition to providing the specific nomenclature used for desired bioReservoirs, it 
allows to directly access and verify the details of a selected bioReservoir. 

[0248] Upon entering the choices of Ref-bioreservoir and setting the value true for the desired combination of ex- 
periment-selections, the user can proceed by selecting the PROCESSS button (3510), which calls the process-exper- 
callback which creates a set of lists and then scans the Panel to find all experiment-selections which Currently-selected 
is true and the Ref-bioreservoir has a value, which are inserted in the "Exper Selections" list (351 2), and lor each such 
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experiment-selection found, it calls the same fill-br-downstream-lists-proc called from the Simulation Panel to fill the 
other two lists, one (3513) listing all downstream bioReservoirs of all those bioReservoirs named by the experiment- 
selections in the previous list, and the other (3514) listing all downstream bioProcesses of ail those bioReservoirs 
named by the experiment-selections in the first list: and then finds all the bioModels that include all of those bioRes- 
ervoirs and bioProcesses listed in those lists, and creates an scroll-area displaying those bioModels, to allow the user 
to select the desired scope of inclusion. Selecting the CLEAR button (3529) calls clearnexper-callback which deletes 
those lists and the scroll-area, to allow making different selections and repeating the PROCESS. The other buttons 
and structures on the Panel (3515, 3521-3530) have similar or equal functions as those described for the Simulation 
Panel, and therefore here only the differences will be briefly highlighted. Selecting the LIST button (3515) calls the list- 
exper-callback which creates a new set of lists: SDBRL (3516), SDBPL (3517), and UBRL (3518) lists, and finds the 
members of the previous sets of lists that are encapsulated in the selected bioModel. Selecting the PATHWAY button 
(3520) calls the draw-exper-path way-callback which creates a navig-path-tracer (3531 ) together with its subworkspace 
by cloning the Master-Navig-Pathway and translers it to the Panel, and then it scans the "Exper. Selections" list (351 2) 
and for each bioReservoir listed calls the create-local-exper-BP-proc, while setting the value of the x-pos to a value 
close to the initial position when changing from one bioReservoir to the next, which performs a processing very similar 
to that described earlier for the create-local-UBP-proc for the upstream direction. Now, instead of once as before, that 
procedure is called as many times as bioReservoirs are in the "Exper. Selections" list. 

Simulating Complex Models 

[0249] The simulation can be continuous or time-constrained, and either way may be differentially applied to different 
parts of the complex model. To accomplish that, the simulation formulas can be complemented with rules that monitor 
those simulated variables to either set other values, particularly those that are further integrated into an state variable, 
or by controlling parts of the model. For example, a bioProcess or a bioReservoir can be programmed to be active only 
for certain time intervals during a simulation run, by means of rules or procedures that control the activation and de- 
activation of its subworkspace. Those time intervals may be either directly specified or dependent on the values of 
other parameters or variables or any of their combinations. Rules may be defined to monitor the simulated values of 
specific variables, such as the Quantity of a given bioPoof or the Velocity of a given bioEngine, to be compared with 
a specified threshold, that when reached causes that rule to trigger some actions, such as setting the values of other 
parameters or variables, or activating and deactivating the subworkspace of one or more bioProcesses or bioReser- 
voirs. or starting one or more procedures. Such rules may be: a) if-type rules with their Scan-interval attributes set to 
a specified time interval that preferably matches the time-interval used for the simulated variables, which means that 
such rules are invoked once every such interval; or b) whenever-type rules that are invoked whenever the specified 
variable receives a value and which trigger specified actions when such value fulfills any specified constraints; or c) 
initially-type rules, that may for example be hidden in the subworkspace of a bioEngine or bioPool, and which will be 
invoked once every time the subworkspace of their superior bioProcess or bioReservoir is activated, and which may 
trigger any of the actions described above which may apply to any bioProcess or bioReservoir in the complex model. 
[0250] One of the several applications of this invention is that of a system for signal processing and signal integration. 
In such system, simulations can have three levels of control through: a) the interactions explicitly modeled in the ar- 
chitecture of the graphic design of this invention, namely the network of connected bioReservoirs and bioProcesses, 
which represent and determines the specific interactions of the different components of the complex model; b) the 
propagation through such network of the dynamic changes in the values of the variables of such components; c) through 
the signals transmitted by the smoothed thresholding implicit in the design of the Contribution variables of the bioRe- 
actants which determine the output values ol the Velocity of the bioEngines, and d) through the rates of consumption 
of the bioReactants and the rates of production of the bioProducts, that determine new changes in the values of the 
Concentrations, now amplified to a larger number of bioPools, which initiate new waves of value propagations. 
[0251] Tabular functions of one argument allow to deal with situations when the algebraic relationship between two 
bioVariables is not known but experimental data is available, which allows to build a table that relates a set of values 
that represents the magnitude of a cause with the set of values that represents the magnitude of the corresponding 
mechanistic effects or cellular responses, and straight-line interpolation is optional. These are important tools to biol- 
ogist who frequently measure complex cellular responses to external factors. 

5. Alternative Implementations and Variations 

[0252] An equivalent system can be build with a less graphic interface by substituting each of the components rep- 
resented in the current implementation as iconic bioObjects upon the subworkspace of bioReservoirs and bioProcess- 
es, and representing them instead as attributes of the bioReservoirs and bioProcesses. respectively. The corresponding 
methods would need only minor modifications, such as for example, by substituting the current expression 'the bioPool 
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upon the subworkspace of bioReservoir X" with "the bioPool that is an attribute of bioReservoir X"; or substituting the 
current expression "the bioReactant-1 connected at port-1 of the bioEngine upon the subworkspace of bioProcess X" 
with "bioReactant-1 of bioReservoir X", where each of the specific bioReactants connected to each of the specific stubs 
of a specific type of bioEngine are now converted into specific attributes of the specific type of bioProcess, and where 
those attributes are not values but objects, and where those objects may have as attributes other objects. For example, 
the bioPosts now connected with each bioReactant and bioProduct can also be implemented as and attribute of such 
bioReactant or bioProduct, while the two sets of bioPosts connected to a bioPool can now become two sets of attributes 
objects of the bioReservoir, such as lnput-1 or Output-3. By defining a specific attribute, such as Post for these new 
classes of objects, the specific distant connections can now be established by giving the same unique value to the 
Post attributes of one of the bioReactant attributes of a bioProcess and one of the Output attributes of a bioReservoir, 
or by giving the same unique value to the Post attributes of one of the bioProduct attributes of a bioProcess and one 
of the Input attributes of a bioReservoir. The result of this alternative implementation is that the different levels of 
encapsulation currently provided through the workspace hierarchy would then be provided by an attribute hierarchy, 
and the current representation of those components by their icons would be then limited to their representation by their 
tables of attributes, which are also part of the current implementation. Many of the tasks associated with the menus of 
the icons of those components or other auxiliary icons can be associated in the alternative implementation as menu 
options of the superior bioReservoirs and bioProcesses. as many of those are already currently implemented. The 
advantage of using the approach described in the currently preferred embodiment of this invention is that the more 
graphic interface is more intuitive for the user and easier to use. The disadvantage is the additional memory required 
to store the additional graphical structures. 

[0253] Another alternative is to replace the complex knowledge-structures bioReservoir and bioProcess by the com- 
ponents encapsulated in their respective subworkspaces. after some modifications. One of the several possible alter- 
natives is to bypass the bioReservoir and the bioProcess structures altogether, and to encode the pertinent information 
here defined within the bioReservoir's table of attributes in the bioPool's table of attributes, and to encode the pertinent 
information hero defined within the bioProcess's table of attributes in the bioEngine's table of attributes, and to construct 
the iconic components now contained in the subworkspaces of the bioReservoirs and bioProcesses directly on the 
desired workspace. The advantage of using the approach described in the currently preferred embodiment of this 
invention is that the bioReservoir and bioProcess structures encapsulate the details and simplifies the schematics, and 
makes easy the cloning and transfer of the p reconstructed structures from one location to another, making the task of 
developing new models or modifying existing time much faster and keeping complex schematics simpler. The disad- 
vantage is the additional memory required to store the additional graphical structures. 

[0254] An alternative more compact implementation that would still allow developing multidimensional pathways, 
bypassing the need for bioReservoirs, is to directly connect all the bioReactant-post and bioproduct-post that in the 
current implementation are connected to the same bioPool, by giving them all the same name. In such implementation, 
the Ref-bioentity attribute, as currently defined for the class bioReservoir could instead be defined for the classes 
bioReactant and bioProduct, allowing in that way access to the bioEntity corresponding to an instance of bioReactant 
or bioProduct that would provide the physical description of such bioReactant or bioProduct, allowing integrating the 
description of structure with function. Other alternatives include storing the bioReservoir or equivalent structure within 
the subworkspace of the bioEntity; or storing the bioEntity within the subworkspace of the bioReservoir. However, in 
the current implementation the bioEntities are stored independently of the bioReservoirs because in many cases it 
may not be necessary to store one bioEntity for each bioReservoir, and instead prototype bioEntities can be used that 
are shared by many bioReservoirs. In such cases, another alternative is storing all the bioReservoirs that in the current 
implementation would refer to the same bioEntity in the subworkspace of such bioEntity 

[0255] The concepts and methods subject of this invention can be applied with each of the object-oriented expert 
system shells from various vendors, after those capabilities not provided by that particular shell are additionally en- 
coded. An equivalent of those capabilities of the selected shell that are required to apply the concepts and methods 
of this invention may also be custom built from scratch or by combining a set of off-the-shelf components. The methods 
here represented could in part be compiled using this Shell or other shells of the compiled type to improve performance 
at runtime by eliminating graphical interpretation of the iconic components However, compilation does not facilitate 
frequent modifications of the design and information encapsulated in the iconic components, a feature which is of great 
importance when modeling biochemical systems, the knowledge of which is being continually updated and improved. 
[0256] The same concepts described in this invention can be slightly modified by a person skilled in the art, to in- 
corporate multiple inheritance capabilities, allowing the bioObjects to inherit attributes from two or more superior class- 
es. Additional controls and code may be required in that case to resolve conflicts that may appear when more than 
one superior class. have the same attributes but receiving values from different sources, or through different methods. 
[0257] Many of the symbolic variables or parameters could be also represented as logical variables or parameters, 
with or without fuzzy-beliefs, by simply changing the language of the attribute name and its values. To further control 
the behavior of any component of a simulation, different types of filters could be applied to, for example, Ihe Density 
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(or Concentration) of bioPools or to the Velocity of bioEngines. These filters can be of any of the types of filters used 
in signal processing control systems, such as low-pass or ideal high-pass filters or Gaussian filters. Such filters could 
be executed in either formulas or procedures, that could be generic for a whole class of variables, or more specific for 
certain instances or group of instances. The specific filters are more useful if fine control is required. The Density (or 

5 Concentration) ol a bioPool is the result of multiple interactions and is represented as a differential equation in the 
present embodiment. Alternatively, it could be represented as a discrete-time linear system or a continuous-time linear 
system of equations, or whenever the Shell is able to handle vectors, as their equivalent matrix system. Difference or 
differential equations can be converted to state form, and the state variables of the system are them described as a 
state vector, the coefficients of the variables are described as a system matrix and the forcing terms are described as 

10 the forcing vector, following standard procedures. 

7. Appendix 
[0258] 

75 

TABLE 1 



G ENER1C-SIMULATION-FORMULAS for Scaled-Valued Variables 
the scaled-amount C of any biopool PO = ( max ( 9.9e-9, the accumulation of PO)) 



state variable : d / dt (the accumulation C of any biopool PO) = the input-rate of PO - the output -rate of PO 
+ the scaled-entry of PO - the decay-rate-factor of the bioreservoir superior to the workspace of PO • the 
scaled-amount of PO, with initial value the scaled -basal -amount of the bioreservoir superior to he 

workspace of PO 



the in put-rate of any biopool PO - the first of the following expressions that has a value ( (max (0.0, the 
sum over each bioproduct P connected to PO of ( the production-rate of P ) + the first of the following 

expressions that has a value (the output-1 of the model-block M upon the subworkspace of the scaled-input- 
model-box connected to PO, 0.0 ))) , 9.9e-9) 



the output-rate of any biopool PO = the first of the following expressions that has a value ("max (0 0, the 
sum over each bioreactant R connected to PO of (the consumption-rate of R ) + the first of the following 
40 expressions that has a value (the output-1 of the model-block M upon the subworkspace of the output- 
model-box connected to PO, 0.0 ) ) , 9.9e-9) 



the CONSLNIPTION'-rate of any bioreactant R = the first of the following expressions that has a value ( 
(0 0, the velocity of the bioengine connected to R / the stoichiornetric-coeff of R ), 9.9e-9) 



the CONSUMPTION-RATE of any AMTLIFIER-BIOREACTANT R = 0.0 



the production -Rate of any bioproduct P = the first of the following expressions lhat has a value (max ( 0.0. 
the velocity of the bioengine connected to P • the stoichiometric-coeff of P ), 9.9e-9) 



the velocity of any hioencine E = the first of the following expressions that has a value ( max ( 0.0, the 
product over each bioreactant R connected to E of (the alpha -coeff of R * the contribution of R) * the rate- 
constant-sec of E * the tau<oeff of E + the bias of E ), 9.9e-9 ) 
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TABLE 2 



CENERlC-SIMULATION-FOltMULAS FOR THE CONTRIBUTION 
Based on Scaled-Valued Variables and Parameters 

the CONTRIBUTION' of any amI'LIFIER-BIOREacTanT R = the first of the following expressions that has a value ( 
min (1 0, max (0 0, the effective-binding-sites of R * the scaled-amount of the biopool connected to R )), 0 5 ) 



the contribution of any substrate. R R = the first of the following expressions that has a value ( min (10, 
max (0.0, the scaled-amount Q of the biopool PO connected to R / ( the scaled-michaelis.k of R + Q ))) , 0 5) 

the CONTRIBUTION of any INHlBrroR-BlOREACTANT R = the first of the following expressions that has a value 
(min (1.0, max (0.0, the scaled-amount Q of the biopool PO connected to R / (the scaled-inhibition k of R * Q 
))),0.5) 

the contribution of any leading -bioreaCT ant R = the first of the following expressions that has 

a value ( min (1.0, max (0 0, the effective-binding-sites of R * the scaled-amount of the biopool connected to 

R )) A the stoichiometric-coeff of R, 0.5 ) 

the CONTRIBUTION of any BINDINC-bioreactant R = the first of the following expressions that has a value ( 
min (1 .0, max (0.0, the scaled-amount Q of the biopool PO connected to R / ( the scaled equil.dissoc.k of R 
+ Q ))) A the stoichiometric-coeff of R , 0.5 ) 



the contribution of any IO.n.r R = the first of the following expressions that has a value ( min (1.0, max (0.0, 
the scaled-amount Q of the biopool PO connected to R / ( the scaled-equilibrtum.k of R + Q ))) , 0.5 ) 

the contribution of any srxcLE-BlOREACTANT R = the first of the following expressions that has a value ( min 
(1.0, max (0.0, the sea led -a mount of the biopool connected to R )),0-5 ) 
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TABLE 3 



GENERIC SIMULATION FORMULAS FOR ABSOLUTE-VALUED VARIABLES 
the CONCENTRATION of any SOLUBLE-MOL-POOL PO = (max (0.0, the accumulation of PO)) 



the DENSITY of any COMPLEX ED-MO L-POOL PO = (max (0.0, the accumulation of PO)) 

state variable : d / dt (the ACCUMULATION of any SOL-MOL-POOL PO) = the input-rate of PO - the 
output-rate of PO + the concentration-entry of PO - the decay- rate-factor of the sol -mo I -reservoir superior to 
the workspace of PO * the concentration of PO, with initial value the basal-concentration of PO 

state variable : d / dt (the ACCUMULATION of any COMPLEX ED-MOL-POOL PO) = the input-rate of PO - 
the output- rate of PO + the density-entry of PO - the decay-rate- factor of the bo und-mol -reservoir superior 
to the workspace of PO * the density of PO, with initial value the basal-density of PO 



the INPUT-RATE of any BIOPOOL PO = the first of the following expressions that has a value (max ( 0.0, 
the sum over each bioproduct P connected to PO of ( the production-rate of P ) + the first of the following 
expressions that has a value (the output-1 of the model-block M upon the subworkspace of the input-model- 
box connected to PO, 0.0 )), 0.0) 



the OUTPUT-RATE of any BIOPOOL PO = the first of the following expressions that has a value (max (0.0, 
the sum over each bioreactant R connected to PO of (the consumption-rate of R )+the first of the following 
expressions that has a value (the output-1 of the model-block M upon the subworkspace of the output- 
modei-box connected to PO, 0.0 ) ), 0.0) 



the PRODUCTION-RATE of any BIOPRODUCT P = the first of the following expressions that has a value 
(max ( 0.0, the velocity of the bioengine connected to P * the stoichiometric-coeff of P ), 0.0) 



he CONSUMPTION-RATE of any BIOREACTANT R = the first of the following expressions that has a value 
( max (0.0, the velocity of the bioengine connected to R / the stoichiometric-coeff of R ), 0.0) 



the CONSUMPTION-RATE of any AMPLIFIER-BIOREACTANT R = 0.0 



the VELOCITY of any BIOENCINE.ElSl.il E = the first of the following expressions that has a value (the 
effective-binding-sites of the enzyme.r Z connected at the port-1 of E * the catalytic-rate-constant of Z * (the 
concentration of the sol -mol -pool connected to Z * the concentration SQ of the sol -mo 1 -pool connected to the 
substrate.r S connected at the si of E / SQ + the michaelis-constant of S * (if there exists a comp-inhibitor.r I 
connected at the il of E then ( 1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition- 
constant of I ) else 1)), 1.0e-99) 
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TABLE 4 



the VELOCITY of any DIOENGINE.El.Sl.il E = the first of the following expressions that has a value (the 
effective-btnding-sites of the enzyme.r Z connected at the port-1 of E * the catalytic-rate-constant of Z * (the 
concentration of the soluble- mo I -pool connected to Z • the concentration SQ of the soluble-mol-pool 

connected to the substrate.r S connected at the si of E / 

(if not (there exists an inhibitorbioreactant connected at the il of E) 

then SQ + the michaeiis<onstant of S else 
(if there exists a comp-inhibitor.r CI connected at the il of E then SQ + 

the michaelis-constant of S * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition- 
constant of I / the inhibition-constant of CI ) else 
(if there exists a noncomp-inhibitor.r Nl connected at the il of E then 

SQ * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / the 
inhibition-constant of NI + the michaelis-constant of S) * (1 + the concentration of the sol-mol-pool 
conneceted to I / the Inhibition-constant of I / the Inhibition-constant of NI) else 
(if there exists an uncomp-inhibitor.r UI connected at the il of E then 

SQ * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / the 
inhibition-constant of UI + the michaelis-constant of S) else 
(if there exists a mixed-inhibitorr MI connected at the il of E then 

SQ * (1 + the concentration of the soi-mol-pooi conneceted to I / the Inhibition-constant of I / the 
inhibition-constant of MI + the michaelis-constant 

of S ) * (1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of 1 / the 
inhibition-constant of MI ))))))), 0-0) 
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TABLE 5 



GENERIC SIMULATION FORMULAS FOR MIXED-TYPE SIMULATIONS 

state variable : d / dt (the ACCUMULATION of any BIOPOOL PO) = the input-rate of PO - the output-rate 
of PO + the density -entry of PO - the decay -rate- factor of the biorcservoir superior to the workspace of PO * 
the density of PO, with initial value the basal-density of PO 



the density of any biopool PO - the first of the following expressions that has a value ( max ( l.Oe-9, ( the 
scaled-amount of PO * the scalmg-density of TO ) ), 9.9e-99 ) 



the concentration: C of any biopool PO = the first of the following expressions that has a value (max l.Oe- 
9, ( the density of PO / ( 6.023e23 • top-volume-po(PO)))) , 9.9e-99 ) 



the CONTRIBUTION of any AMPLIFIER -BIORE ACT ANT R = the first of the following expressions that has 
a value ( min (1.0, max (0.0, the effective-binding-sites of R * the density of thebiopool PO connected to R / 
the scaling-density of PO)), 0.5 ) 



the CONTRIBUTION of any SUBSTRATE. R R ^ the first of the following expressions that has a value ( min 
(1.0, max (0.0, the concentration Q of the hiopool PO connected lo R/ (the michaelis-constant of R + Q ))) , 
0.5) 



the CONTRIBUTION of any INHIBITOR. BIOREACTANT R = the first of the following expressions that has 
a value ( min (1.0, max (0 0, the concentration Q of the biopool PO connected to R / ( the inhibition-constant 
ofR + Q))),0.5) 



the CONTRIBUTION of any LEADINC-BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (0.0, the effective-binding-sites of R* the density of thebiopool PO connected to R / 

the scaling-density of PO)) A the stoichiometric-coeff of R, 0.5 ) 



the CONTRIBUTION of any DINDING-BIOREACTANT R - the first of the following expressions that has a 
value ( min (1.0, max (0.0, the density Q of the biopool PO connected to R / ( the equilibriurri-dissociation- 
constant of R + Q ))) A the stoichiometric-coeff of R , 0.5 ) 



the CONTRIBUTION of any ION.R R = the first of the following expressions that has a value ( min (1.0, m 
(0.0, the concentration Q of the biopool PO connected to R/( the equilibrium-constant of R + Q ))), 0.5) 

the CONTRIBUTION of any SING LE-BIOREACTANT R = the first of the following expressions that has a 
value ( min (1.0, max (00, the density of the biopool PO connected to R / the scaling-density of PO)), 0.5 ) 
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TABLE 6 



GENERIC SIMULATION FORMULAS for Model Blocks 
the output-1 of any CONSTANT. F CF = the constant of CF 



Tracing and breakpoints default the output-1 of any INCR EASING. F = the current time * le-5 



the output-1 of any PROPORTION ALF PF = the input-1 of PF * the gain of PF + the bias of PF 



the output-1 of any SIGMOID. F SF =1 0/( 1.0 + exp (- the gain of SF • (10 * the input-1 of S ) - the bias of SF)) 



the output ! uf any EXP.C.PDF C = 1.0 - exp (- the x-val of E / the mean of E) 



the output-1 of any EXP.I.PDF E = exp (-the x-va! X of E / the mean M of E) / M 



the output-1 of any UNIF.CPDF UC = ( if the x-val X of UC < the min-val Ml of UC then Ml else (if X > the 
max-val MA of UC then MA else ( ( X - MI) / ( MA - MI ))) ) 



the output-1 of any UNIF.RN.F UR = random ( the min-val of UR, the max-val of UR ) 



the output-1 of any NORMA L RN. PDF NR = the mean of NR + ( ( the max-val of NR + the min-val of NR) 
/ 6) * sqrt ( -2.0 * In ( random ( 0.0, 10)))* sin ( 2.0 * pi () • random ( 0.0, 1.0) ) 'In ( random ( 0.0, 1.0) ) 



the output-1 of any NORMA L I. PDF NI = exp ((expt ((the x-val of NI - the mean of NI ), 2)) / (2.0 * ( the 
max-val MA of Nl + the min-val MI of Nl) / 6 )) * (1.0 / (sqrt ( 2.0 * pi () * ( MA + MI) / 6 ))) 



the output-1 of any SDN.TIME.F ST = max ( the min-val of ST, min ( the max-val of ST, the bias of ST + 
the gain of ST • sin ( the current time / the frequency of ST ) ) ) 



the output-1 of any COS-TIMEF CT = max ( the min-val of CT, min (the max-val of CT, ros (the current 
time /the frequency of CT ) / the gain of CT ) ) 



the output-l of any EXP.RN.PDF E = max ( the min-val of E, min ( the max-val of E, -In (random (0.0, 1.0) ) • 
the mean of E )) 
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TABLE 7 



GENERIC SIMULATION FORMULAS for Cell Cycle 
state variable : d / dt (the number-of-cells of any gl-phase P) = the progression-rate of the cycle-path 
connected at the CO of P + the progression-rate of the cycle-path connected at the Di of P - the progression- 
rate of the cycle-path connected at the S of P, with initial value 0.0 

state variable : d / dt (the number-uRells of any S-phase P) = the progression-rate of the cycle-path 
connected at the Cl of P - the progression-rate of the c<ycle-path connected at the C2 of P with initial 
value 0.0 



state variable . d / dt (the number-of-cells of any C2-phase P) = the progression-rate of the cycle-path 
connected at the S of P - the progression-rate of the c-cycle-path connected at the M of P - the progression- 
rate of the cycle-path connected at the Ap of P, with initial value 0.0 



state variable : d / dt (the number-of<e!ls of any M-phase P) = the progression-rate of the cvcle-path 
connected at the C2 of P - the progression-rate of the cycle-path connected at the CO of P - the progression- 
rate of the cycle-path connected at the Cl of P, with initial value 0.0 



state variable : d / dt (the number^R-ells of any differ-stage P) = the progression-rate of the cycle-path 
connected at the Cl of P - the progression-rate of the cycle-path connected at the NC of P, w. initial value 0 0 



state variable : d / dt (the number-of-ce!ls of any apoptosis P) = the progression-rate of the cycle-path 
connected at the C2 of P, with initial value 0 0 



state variable d / dt (the number-of-cells of any cell-phase C) = the sum over each cycle- path Pi connected 
at an input of C of (the progression-rate of Pi) - the sum over each cycle-path Po connected at an output of C 
of (the progression-rate of To) , with initial value 0.0 



the progression-rate of any c-cycle-path P = the rate-constant of P * the tau-coeff of P • the 
number-of-cells of the cell-phase connected at the input of P 



TABLE 8 



Class name 

Superior class 

Attributes specific to class 

Class restrictions 


inference-block 
object 
label is "; 
description is ""; 

outcome is given by an outcome-par; 

beta-coeff is given by a beta-coeff-par 

when in simulation, navigation, or explorer mode 

menu choices exclude additionally: move, name, change-size, color, 
describe, create -sub workspace, rotate -reflect, clone, delete; 

attributes visible exclude additionally: notes, names, user-restrictions 


Class name 
Superior class 


deactivation-block 
inference-block 
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TABLE 8 (continued) 





Attributes specific to class 


none 


5 


Class name 

Superior class 

Attributes specific to class 


time-deactivation -block 
deactivation-block 

time-interval is given by a deactivation-interval-par; 
time-threshold is 9.9e99 


10 


Class name 

Superior class 

Attributes specific to class 


eve nt-deactivation-b lock 

deaclivation-block 

none 








15 


Class name 

Superior class 

Attributes specific to class 


activation-block 
inference-block 
none 


20 


Class name 

Superior class 

Attributes specific to class 


time-activation-block 
activation-block 

time-interval is given by an activation-interval-par; 
time-threshold is 9.9e99 


2S 


Class name 

Superior class 

Attributes specific to class 


checkpoint-to-floor-block 
activalion-block 

checkpoint is given by a checkpoint-var; 
threshold is9.9e99 


30 


Class name 

Superior class 

Attributes specific to class 


checkpoint-to-ceiling-block 
activation -block 

checkpoint is given by a checkpoint-var 
threshold is 9.9e99 


35 




TABLE 9 



Inference Block Rules 

for any event-deactivation-block B that is an attribute of any time-compartment CC 
for any time-compartment NC connected at the next-1 of CC 
whenever the status S of NC receives a value and when S is activated then 

deactivate the subworkspace of CC and conclude that the status of CC is deactivated 



whenever the time-interval I of any time-activation-block B receives a value and when the 
beta-coeff of B M >- the time- threshold of B then conclude that the outcome of B is above-threshold 



whenever the time-interval I of any time-deactivation-block B receives a value and when the 
beta-coeff of B M >= the time-threshold of B then conclude that the outcome of B is above-threshold 



whenever the checkpoint C of any checkpoint-to-floor-block B receives a value and when the 
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beta<oeff of B # C <= the threshold of B then conclude that the outcome of B is below-threshold 

whenever the checkpoint C of any checkpoint-to-ceiling-biock B receives a value and when the 
beta<oeff of B • C >= the threshold of B then conclude that the outcome of B is above-threshold 



71 



EP0 821 817 B1 



TABLE 10 



Cell Cycle Rules 

for any gO-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not 
wi thin-threshold then activate the subworkspace of the g 1 -phase G connected at the gl of P and 
conclude that the status of C is activated 



for any gl -phase P 

whenever the outcome O of the dtflerentiation-activntion-block of P receives a value and when the 
status of the s-phase connected at the s of 1* is deactivated and O is not within-threshold then activate the 
subworkspace of the differ-stage N connected at the di of P and conclude that the status of N is activated 



for any gl -phase P 

whenever the outcome O of the next-activation-block of P receives a value and when the status of the 
differ-stage connected at the di of P is deactivated and O is not vvi thin-threshold then acUvate the 
subworkspace of the s-phase N connected at the s of P and conclude that the status of N is activated 



for any s-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then activate the subworkspace of the g2-phase G connected at the g2 of P and conclude that the 
status of C is activated 



for any g2 -phase P 

whenever the outcome O of the apoptosis-activation-block of P receives a value and when the status 
of the m-phase connected at the m of P is deactivated and O is not within-threshold thenactivate the 
subworkspace of the apoptosts N connected at the ap of P and conclude that the status of N is activated 



for any g2-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when the status of the 
apoptosis connected at the ap of P is deactivated and O is not within-threshold then activate the 
subworkspace of the M-phase N connected at the m of P and conclude that the status of N is activated 



for any M-phase P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not within- 
threshold then conclude that the generation-number N of the gO-phase G connected at the gO of P = N + 1 
and conclude that the number-of-celis C of G = 2 * C and conclude that the mass-per<ell of G = the mass- 
per-cell of P / 2 and deactivate the subworkspace of P and conclude that the status of P is deactivated 

for any M-phase P 

whenever the outcome O of the gl-iictivation-block of P receives a value and when O is not within- 
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threshold then conclude that the generation-number N of the gO-phase G connected at the gO of P - N + ] 
and conclude that the number-of-cells C of G = 2 * C and conclude that the mass-per<ell of G = the mass- 
per-cell of P / 2 and activate the subworkspace of the gl-phase G connected at the gl of P and conclude that 
the status of G is activated and deactivate the subworkspace of P and conclude that the status of P is 
deactivated 



for any differ-stage P 

whenever the outcome O of the next-activation-block of P receives a value and when O is not wi thin- 
threshold then activate the subworkspace of the gO-phase GO connected at the ng of P and conclude that the 
status of GO is activated and activate the subworkspace of the gl-phase Gl connected at the ng of P and 
conclude that the status of Gl is activated 



TABLE 11 



Chaining Rules 

Options for all whenever rules: not.invocable via backward chaining, not invocable via forward 

chaining, may cause data seeking, may cause forward chaining 



for any bioprocess DP 

for any bioprocess DPI that is an-upstream-bioprocess-of BP 
for any bioprocess BP2 that is an-upstream-bioprocess-ofBT 
whenever BP1 ceases to be an- upstream -bioprocess-of BP and when not (there exists a bioprocess BP3 
such that (BP2 is an-upstream-bioprocess-ofBP3 and BP3 is an-upstreatn-bioprocess-o/BP)) then 
conclude that BP2 is not a -do wnstream-bioprocess-of BP 



for any bioprocess BP 

for any bioprocess DPI that is an-upstream-bioprocess-of BP 
whenever any bioprocess BP2 becomes au-upstream-bioprocess-of BPl and when BP2 is not 
mi-upstream-bioprocesS'OfBT then conclude that BP2 is AX-UPSTREAM-BIOPROCESS-OF BP 



for any bioprocess BP 

for any bioprocess BPl that is a-dowftstream-bioprocess-of BP 
for any bioprocess BP2 that is a-downstream-bioprocess-of BP 
whenever BPl ceases to bea-downstream-bioprocess-of BP and when not (there exists a bioprocess BP3 
such that (BP2 is a-downstream'bioprocessofBPZ and BP3 is a-downstream-bioprocess-of BP)) then 
conclude that BP2 is not a-downstreaM-bioprocess-of BP 



for any bioprocess BP 

for any bioprocess BPl that is a-donmstream-bioprocess~ofBP 
whenever any bioprocess BP2 becomes a-downstream-bioprocess-of BPl and when BP2 is not 
a-down$tream-bioprocess-of BP then conclude that BP2 is A-DOWNSTREAM-BiOPROCESS-or BP 
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Claims 

1. A computer-system for generating virtual models of complex -systems comprising processor means, memory, 
means, storage means, input means, output means, display means, and program means, characterized by: 

5 

• one or more databases stored in said storage means comprising instances of process (502) and reservoir 
(501) building-blocks representing the components of one or more virtual model of said complex -systems, 
each of said instances comprising any number of attributes, which value types include but are not limited to 
character string, integer or real numbers, logical values, fuzzy values, or instances of variables, parameters, 

*0 lists, arrays, images, or any other data structure, or pointers to any of said instances of building-blocks, external 

files, Uniform Resource Locators (URLs), database records, or any other data structure, in said computer 
system or in a network accessible by said computer system, wherein: 

• each of said instances of process building-blocks (502) represents one of the many processes of said 
15 complex-system and comprises at least one input (503) or one output (505) representing at least one 

inflow or one outflow of said process, wherein said process building-blocks may be of different types 
representing different types of processes: 

• each of said instances of reservoir building-blocks (501) represents a pool of any number of units of a 
single type or state of entities available to participate in one or more of said processes and comprises at 

20 least one input (506) or one output (507) representing at least one inflow or outflow of said pool, wherein 

each of said pools of entities do not need to be physically separated, in a reservoir or otherwise, from 
other pools of entities in said complex -system; 

at least one input (503) or one output (505) of each of said instances of process building-blocks is linked 
to an output (507) or an input (506) of said instances of reservoir building -blocks, respectively, said links 

25 representing that said inflows or outflows from said processes are outflows or inflows of said pools of 

entities, respectively wherein each of said linked instances of reservoir building-blocks (501) has any 
number of input links (506) and/or output links (507) to any number of said linked instances of process 
building-blocks (502), and each of said linked instances of process building-blocks has any number of 
input links (507) and / or output links (506) to any number of said linked instances of reservoir building- 

30 blocks; 

• said program means having access to said stored database(s) comprising means to integrate said alter- 
nating instances of linked reservoir and process building-blocks as the nodes of one or more multidimen- 
sional networks (Fig.5) of pathways, each of said instances being comprised in one or more of said path- 
ways, with each of said instances that have multiple input links being nodes where different pathways 

35 merge, and each of said instances that have multiple output links being nodes where different pathways 

branch, wherein information and data comprised in said building-blocks about the components of said of 
complex-system becomes integrated and related to each other through said series of links. 

2. A computer-system as claimed in Claim 1 further enabling quantitative simulations of said virtual models in said 
*o computer-system, characterized by: 

• mathematical models characterizing the quantitative behavior of said complex -systems are decomposed into 
networks of quantitative structures distributed among said instances of building-blocks (Figs 12 through 15) 
comprising state variables, dependent variables, and parameters, representing characteristics of the compo- 

45 nents they represent, wherein the values of said parameters and the initial values of said state-variables are 

measured, calculated, or estimated from the components represented or are typical default values; 

• said program means comprise simulation means based on laws characteristic of said complex-systems for 
dynamically computing the current values of each of said variables over time by incorporating the value(s) of 
certain of said parameter(s) and/or variable(s) comprised in either the same instance of building-block of said 

50 variable and/or the instances of building-blocks linked said instance. 

3. A computer-system as claimed in Claim 2 further enabling mixed-type simulations of said virtual models using 
quantitative or semi-quantitative data, or heuristic information, for different parts of said complex-systems wherein: 

55 • said instances of building-blocks further comprise a second set of their corresponding quantitative variables 

and/or parameters, one set having absolute values and the other set having scaled values, 

• said program means further comprise simulation means and/or inference means for dynamically computing 
over time and integrating said absolute-valued variables and parameters of certain parts of said virtual models 
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and said scaled-valued variables and parameters of other parts of said virtual models. 

4. A computer-system as claimed in Claim 1 wherein said virtual models are compartmentalized in space, further 
comprising instances of location -compartment building-blocks of one or more types (2406, 2408) representing 
discrete physical or conceptual space compartments characteristic of said complex-systems, used to organize 
said instances of process (2410) and reservoir (2414) building-blocks of said virtual models into a hierarchy of one 
or more layers (2405, 2407, 2409) of said location-compartment building-blocks. 

5. A computer-system as claimed in Claim 1 wherein said virtual models are compartmentalized in time intervals, 
further comprising instances of time-compartment building-blocks of one or more types (2421 , 2423) representing 
discrete physical or conceptual time intervals characteristic of said complex-systems, used to organize said in- 
stances of process (2410) and reservoir (2414) building -blocks of said virtual models into a hierarchy of one or 
more layers (2402, 2422) of said time-compartment building-blocks. 

6. A computer-system as claimed in Claim 1 further comprising one or more instances of entity building-blocks 
(18014), each instance representing the compositional description (1807) of a representative entity of a pool rep- 
resented by an instance of said reservoir building-blocks, said instances of entity building-blocks being accessible 
from the corresponding instances of reservoir building-blocks (1801 ). 

7. A computer-system as claimed in Claim 1 . further comprising program means for dynamically generating interactive 
visual displays (3110, 3118, 36) of said networks of multidimensional pathways comprissing interconnected visual 
representations of instances of at least one of said types of building-blocks, wherein: 

• the composition of the pathways in said displays is determined by said program means to represent either 
said complex-systems or any of their subsystems that meet user-selected criteria, such as. selecting any one 
or more of said instances of building-blocks as starting node(s) and selecting a direction upstream and/or 
downstream from said starting node (s); and 

• the connected (3114, 3115) visual representations in said displays are either pointers to said stored linked 
instances of building-blocks or representations of clones of said stored linked instances of building -blocks 

8. A computer-system as claimed in Claim 1 , further comprising program means for performing queries (Fig.30) based 
on said upstream or downstream successive links from any of said instances of building-blocks selected as refer- 
ence. 

9. A computer-system as claimed in Claim 1 wherein said process building-blocks (843, 837) are composite, each 
comprising a subworkspace (809, 836) with a set of components that can be displayed to provide visual access 
to said components comprising: 

• one or more instances of reactant building-blocks (835), representing the different inflows to the process rep- 
resented by said instance of process building-block, each linked (834) to an output of an instance of reservoir 
building-block (801), different types of reactant building-blocks (820, 825, 830, 835, 838, 839) representing 
different roles that said inflows play as participants in said processes; 

• one or more instances of product building-blocks (808) representing the outflow(s) from the process repre- 
sented by said process building-block, each linked to an input of a reservoir building-block (801). 

10. A computer-system as claimed in Claim 9 wherein: 

• said reservoir building-blocks (801 ) are composite, each comprising a subworkspace (804) with a set of com- 
ponents; linked to components of process building-blocks, that can be displayed to provide visual access to 
said components and to navigate throughout said virtual models, said components comprising: 

• one or more instances of input building-blocks (806), each representing one of said inflow(s) to said pool 
of entities, each linked to (807) one of said instances of product building-blocks (808); and 

• one or more instances of output building-blocks (833), each representing one of said outflow(s) from said 
pool of entities, each linked to (834) one of said instances of reactant building-blocks (835); 

• navigation means associated with said linked instances of reactant product, input and output building-blocks 
allow to display the components of any instances of process or reservoir building-blocks upstream and/or 
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downstream of any selected instance. 

11. A method for using virtual models (Fig.5) of complex-systems for designing monitoring and/or control systems in 
a computer-system (112) comprising processor means, memory means, storage means, input means, output 

s means, display means, program means (114), and a stored database of modular building-blocks representing the 

components of one or more complex -systems, the method being characterized by: 

• loading said database (116) into said memory means, said database comprising any number of instances of 
process (502) and reservoir (501) building-blocks, wherein: 

10 

• each of said instances of process building -blocks (502) represents one the processes of said complex- 
system and comprises at least one input (503) or one output (505) representing at least one inflow or one 
outflow of said process, different types of said process building-blocks representing different types of said 
processes 

is • each of said instances of reservoir building-blocks (501) represents a pool of any number of units of a 

single type or state of entities that is available to participate in one or more of said processes (502), and 
comprises at least one input (506) or one output (507) representing at least one inflow or outflow of said 
pool, each of said pools of entities not having to be physically separated in a reservoir or otherwise from 
other pools of entities in said complex-system; 

20 • any of said inpul(s) (503) or output(s) (505) of any of said instances of process building-blocks is linked 

to an output (507) or input (506), respectively, of an instance of said reservoir building-blocks (501); and 
any of said input(s) (506) or output(s) (507) of any of said instances of reservoir building-blocks are linked 
to any number of output(s) or input(s), respectively, of instances of process building-blocks; 
a number of said alternating instances of said reservoir and process building-blocks linked in series are 

25 the nodes that define a pathway; 

• selecting by said program means the set of instances of building-blocks stored in said database(s) that are 
the nodes of the pathways to be included in the virtual model of the subsystem to be used for monitoring and/ 
or control, given user selections such as any one or more of said building-blocks as starting node(s) and a 

30 direction upstream and/or downstream from said starting node(s); and 

• dynamically integrating by said program means said set of selected instances into a multidimensional network 
of pathways (Fig.5), each of said instances being comprised in one or more of said pathways, with each of 
said instances that has multiple input links or multiple output links being nodes where different pathways merge 
or branch, respectively. 

35 

12. A method as claimed in Claim 11 further enabling the generation of visual displays (Figs. 31 , 36) of said networks 
of multidimensional pathways, further comprising the steps of: 

• selecting by said program means the set of instances of user-selected type of said building-blocks of said 
40 virtual model(s) or any of its subsystems that meets other user-selected criteria, such as: selecting any one 

or more of said instances of building-blocks as starting node(s) and selecting a direction upstream and/or 
downstream from said starling node, to be included in said visual displays; 

• creating by said program means visual representations (3114) that are pointers to, or alternatively visual rep- 
resentations of clones of, said selected stored instances of building-blocks; 

• dynamically generating a layout (3110, 3118, Fig.36) on said display means with said visual representations 
connected as the nodes of a network of one or more pathways. 

13. A melhod as claimed in Claim 11 for designing manipulation strategies to control the operation of complex bio- 
chemical-systems in applications comprising treatment of disease, improvement of livestock and food crops, and 

so improvement of the environment among others, the method being further characterized by: 

• searching for and unveiling by said program means any number of instances of said building-blocks of said 
virtual models that represent potential targets for manipulation to achieve any desired goal(s), such as affecting 
the expression of any desired gene(s), said set of instances being comprised in any pathway(s) upstream 

55 from the instance(s) of reservoir building-blocks representing the pool of entities involved in the accomplish- 

ment of said goal(s), such as said gene(s). as selected by a user. 

14. A method as claimed in Claim 11 for designing manipulation strategies to control the operation of complex bio- 
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chemical-systems by candidate external agent(s). real or designed, in applications comprising treatment of dis- 
ease, improvement of livestock and food crops, and improvement of the environment among others, the method 
being further characterized by: 



• expanding said database to comprise one or more instances of reservoir building-blocks representing poo!(s) 
of any number of units of said external agent(s) and one or more instances of process building-blocks repre- 
senting the interaction(s) of said external agent(s) with their tarqet(s) within said complex biochemical-system 

(s); 

• integrating by said program means said new instances of reservoir and process building-blocks representing 
said external agent(s) and their interaction(s) into said network of pathways; 

• searching for and unveiling by said program means the set of instances of said building-blocks of said virtual 
models that could be affected by manipulating any one or any combination of said pools of external agent(s), 
said set of instances being comprised in any pathway(s) downstream from said instance(s) of reservoir build- 
ing-blocks representing said external agent(s), as selected by a user. 

A method as claimed in Claim 11 further enabling the simulation of the quantitative behavior of said virtual models 
in said computer-system, wherein each of said instances of building-blocks further comprises one or more quan- 
titative variables parameters (Figs 12 through 15) that determine the quantitative behavior of the components of 
said complex-system(s) represented by said instances, and wherein said program means further comprises sim- 
ulation means, the method being further characterized by: 

• using said simulation means to dynamically simulate, in simulated-time or real-time, said virtual model(s) or 
their subsystems by computing over time the current values of each of said variables while incorporating the 
value(s) of certain of said parameter(s) and/or variable(s) comprised in either the instance of building-block 
containing said variable and/or the instances of building-blocks linked to said instance. 

A method as claimed in Claim 15 further enabling mixed-type simulations of said virtual models using quantitative 
or semi-quantitative data, or heuristic information, for different parts of said complex-systems, wherein said in- 
stances of building-blocks further comprise a second set of their corresponding quantitative variables and/or pa- 
rameters, one set having absolute values and the other set having scaled values the method being further char- 
acterized by: 



• using said simulation means for dynamically computing over time and integrating during a simulation run said 
absolute-valued variables and parameters of certain parts of said virtual models and said scaled-valued var- 
iables and parameters of the other parts of said virtual models. 

A method as claimed in Claim 1 5 further enabling the simulation of the quantitative behavior of complex biochem- 
ical-systems to monitor and evaluate the effects of manipulation strategies in applications comprising treatment 
of disease, improvement of livestock and food crops, and improvement of the environment among others, the 
method being further characterized by: 

• selecting by said program means the set of instances of building-blocks stored in said database to be included 
in the virtual model of the subsystem to be simulated to evaluate the achievement of any desired goal(s), such 
as affecting the expression of any desired gene(s), said set of instances being comprised in any pathway(s) 
upstream from the instance(s) ol reservoir building-blocks representing the pool of entities involved in the 
achievement of said goal(s), such as said gene(s), as selected by a user. 

A method as claimed in Claim 15 further enabling the simulation of the quantitative behavior of complex biochem- 
ical-systems to monitor and evaluate the effects of external agent(s), real or designed, in applications comprising 
treatment of disease, improvement of livestock and food crops, and improvement of the environment among others, 
the method being further characterized by: 

expanding said database to comprise one or more instances of reservoir building-blocks representing pool(s) 
of any number of units of said external agent(s) and one or more instances of process building-blocks repre- 
senting the interaction(s) of said external agent(s) with their target(s) within said complex biochemical -system 

(s); 

integrating by said program means of said instances of reservoir and process building-blocks representing 
said external agent(s) and their interaction(s) into said network of pathways; and 



77 



EP0 821 817 B1 



• selecting by said program means the set of instances of building-blocks stored in said database to be included 
in the virtual model of the subsystem to be simulated to evaluate the effects of manipulating any one or any 
combination of said external agent(s), said set of instances being comprised in any pathway(s) downstream 
from said instance(s) of reservoir building-blocks representing said external agent(s). as selected by a user. 

19. A method as claimed in Claim 15 further enabling the synchronization of real-time simulations of said virtual models 
(116) in said computer-system with the real operation of said complex -system (102), by integrating (118) on-line 
monitored variable values (122) of any component(s) of said complex-system into said simulation, further com- 
prising monitoring means (106, 108) linked (120) to said input means, the method being further characterized by: 

• setting up and using said monitoring means to monitor (106) one or more variable value(s) characteristic of 
said processes or pools of entities of said complex-system(s) represented by any of said variable(s) (118) 
comprised in any of said instances of reservoir (501) or process (502) building-blocks of said virtual model; 

• defining and using one or more monitoring interfaces (120) in said computer-system between said monitoring 
means (106, 108) and said program means (114) to relate and pass said monitored values (122) to their 
corresponding vanable(s) (118) comprised in said instances of building-blocks; 

• setting each of said variable(s) (118) representing said monitored value(s) to dynamically obtain during a 
simulation its values over time from said corresponding measured values, instead of said values being simu- 
lated. 

20. A method as claimed in Claim 1 5 further enabling the control of a processing-system comprising one of said real 
complex-systems based on a real-time simulation of its virtual model (116), further comprising controller means 
(1 38) linked to said processing-system (102) and said output means (1 30), the method being further characterized 
by. 

• setting up and using said controller means (1 38) to regulate the operation of desired components (1 40) of said 
processing system; 

• defining and using controlling code to generate control signals to be passed (132) to said controller means 
(138), said signals triggered during a simulation when the simulated value(s) of certain one or more of said 
variables (128) comprised in said instances of building-blocks of said virtual model reach certain threshold 
value(s) or are within certain ranges; 

• defining and using one or more controller interfaces (130) -in said computer-system between said program 
means and said controller means to pass said control signals to said controller means. 

21. A method for building virtual models (Fig.5) of complex-systems in a computer-system comprising processor 
means, memory means, storage means, input means, output means, display means, program means, and a library 
(2001 , 1 901 ) of various modular prototypes of building-blocks with associated methods stored in said computer- 
system representing the various types of components of said complex-systems, the method being characterized by: 

• creating by said program means instances of any of said prototypes selected by a user from said library to 
represent the various components of any of said complex-systems, wherein said library comprises: 

• one or more prototypes ol reservoir building-blocks (1201), which instances are used to represent each 
a pool of any number of units of a single type or state of entities, comprising each at least one input or 
one output representing one inflow or outflow of said pool, wherein each of said pools of entities do not 
need to be physically separated, in a reservoir or otherwise, from other pools of entities in said complex- 
system; and 

• differenl prototypes of process building-blocks (2001), each representing one of the different types of 
processes characteristic of said complex -systems, each comprising at least one input and one output 
representing one inflow and one outflow of said process; 

• establishing by said program means links between output-input pairs selected by a user, said output-input 
pairs comprising: an output of any of said instances of reservoir or process building-blocks and an input of 
any of said instances of process or reservoir building-blocks, respectively, representing that an outflow from 
the first is an inflow source to the second instance of said building-blocks; 

• storing in said computer-system said instances of said prototypes and said links; and 

• dynamically integrating by said program means said linked building-blocks into networks of multidimensional 
pathways (Fig 5) which nodes are said alternating linked instances of reservoir (501 ) and process (502) build- 
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mg-blocks that integrate and relate information and data about the components represented by said linked 
instances, wherein each of said instances of reservoir building-blocks has input links from and/or output links 
to any number of said instances of process building-blocks, and wherein each of said instances of process 
building-blocks has input links from and/or output links to any number of said reservoir building-blocks, each 
s of said instances being comprised in one or more of said pathways, with each of said instances that have 

multiple input links being nodes where different pathways merge, and each of said instances that have multiple 
output links being nodes where different pathways branch. 

22. A method as claimed in Claim 21 wnerein each of said prototypes of building-blocks further comprises one or more 
*o quantitative state or dependent variables, or parameters (Figs 12 through 15) to enable quantitative simulations 

of said virtual models, the method being further characterized by: 

• defining simulation means in said computer-system to compute over time the current values of each of said 
variables, by incorporating the value(s) of certain of said parameter(s) and/or variable(s) comprised in either 
the instance of building-block of said variable and/or the instances of building-blocks linked to said instance; 

• setting by said program means the default values of said parameters of said instances of building-blocks to 
certain values defined in said program means for each of said prototypes based on typical normal values 
characteristic of the types of components of said complex-systems represented by said prototypes; 

• using said input means to override said default values with the measured, calculated or estimated values of 
any of said parameters of any of said instances for which said specific values are available or desired; and 

• setting by said program means the initial values for any of said state variables based on the availability of 
certain other specific data or information stored in said instances of building-blocks, as defined in said program, 
or in their absence on default values defined in said program for each of said prototypes based on typical initial 
values characteristic of the types of components of said complex-systems represented by said prototypes. 
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23. A method as claimed in Claim 22 wherein said prototypes of building-blocks further comprise a second set of their 
corresponding quantitative state or dependent variables, and/or parameters, one set having absolute values and 
the other set having scaled values, to enable dynamic mixed-type simulations of said complex-systems with data 
of different degrees of precision available for different parts of said models, the method being further characterized 
30 by: 

• defining further simulation means for dynamically integrating said absolute-valued variables and parameters 
of certain parts of said virtual models and said scaled-valued variables and parameters of other parts of said 
virtual models, using scaling functions specifically defined for the different types of building-blocks. 

A method as claimed in Claim 21 further enabling building virtual models compartmentalized in space, wherein 
said library further comprises any number of prototypes of location -compartment building-blocks (2405, 2407) 
representing discrete physical or conceptual spaces characteristic of said complex-systems, the method being 
further characterized by: 

• creating by said program means instances of said prototype(s) of location -compartment building-blocks se- 
lected by a user from said library, to build a hierarchy of any number of layers of said instances to represent 
the space hierarchy characteristic of the complex -system being modeled: 

• organizing said instances of process (2410) and reservoir (2414) building-blocks of said virtual models to be 
comprised within appropriate lower-level instances (2408) of said location-compartment building-blocks in said 
hierarchy; and 

• by said program means; containment relations between any of said instances of location-compartment build- 
ing-blocks and other instances of location-compartment, process, and reservoir building-blocks that fulfill one 
or more criteria based on said hierarchical organization. 

A method as claimed in Claim 21 further enabling building virtual models compartmentalized in time intervals, 
wherein said library further comprises any number of prototypes of time-compartment building-blocks (2404, 2421 , 
2423) representing discrete physical or conceptual time intervals characteristic of said complex-systems, the meth- 
od being further characterized by: 

• creating by said program means, instances of said prototype(s) of time-compartment building-blocks selected 
by a user from said library, to build a hierarchy of any number of layers (2402, 2422) of said instances to 
represent the time interval hierarchy characteristic of the complex-system being modeled; 
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• organizing said instances of process (2410) and reservoir (2414) building-blocks of said virtual models to be 
comprised within appropriate lower-level instances of said time-compartment building-blocks in said hierarchy; 
and 

• establishing, by said program means: containment relations between any of said instances of time-compart- 
ment building-blocks and other instances of time-compartment, process, and reservoir building-blocks that 
fulfill one or more criteria based on said hierarchical organization. 

26. A method as claimed in Claim 21 wherein said library further comprises any number of prototypes of entity building- 
blocks (Fig. 18) representing types of entities characteristic of said complex -systems or types of components of 
said entities, the method being further characterized by: 

• creating by said program means instances of said prototype(s) of entity building-blocks selected by a user 
from said library; 

• organizing into each instance of top-level entity building-blocks (1804), each representing the compositional 
description of a typical entity, of any of said instances of reservoir building-blocks (1801), a hierarchy of any 
number of layers (1807, 1809, 1914) of said instances of entity, building-blocks representing its modular com- 
ponents; 

making by said program means said top-level instances accessible (1803) from the corresponding instances 
of reservoir building-blocks (1801) in which a pointer to any of said top-level instances has been entered. 

27. A method as claimed in Claim 21 wherein said prototypes of process building-blocks (843, 837) are composite, 
comprising each a subworkspace (809, 836) with a set of components that can be displayed to provide visual 
access to said components, the method being further characterized by: 

• said components comprise: one or more instances of rcactant building-blocks (835) to represent the different 
inflows characteristic of the type of process represented by each of said prototypes, different types of reactant 
building-blocks representing different roles that said inflows play as participants in said processes, and one 
or more instances of product building-blocks (808) to represent the outflow(s) from the processes represented 
by said prototypes; 

• said output-input pairs comprise: an output of any of said instances of reservoir building-blocks and an instance 
of said reactant building-blocks of any of said instances of process building-blocks, and an instance of product 
building-block and an input of any of said instances of reservoir building-blocks. 

28. A method as claimed in Claim 27 wherein said prototype(s) of reservoir building-block(s) (801) are composite 
comprising each a subworkspace (804) with a set of components that can be displayed to provide visual access 
to said components, the method being further characterized by: 

• said components comprise one or more instances of input building-blocks and output building-blocks, each 
representing one of said inflow(s) and outflow(s), respectively, to said pool of entities; 

• said output-input pairs comprise: an instance of output building-block of any of said instances of reservoir 
building-blocks and an instance of reactant building-block of any of said instances of process building-blocks, 
and an instance of product building-block of any of said instances of process building-blocks and an instance 
of input building-block of any of said instances of reservoir building-blocks. 



Patentanspruche 

1. Ein Computersystem zum Erzeugen virtueller Modelle von Komplexsystemen, die Prozessormittel, Arbeitsspei- 
chermittel, Speicherungmittel, Inputmittel, Outputmittel, Anzeigemittel und Programmittel umfassen, charakteri- 
siert durch: 

• ein oder mehr Datenbanken gespeichert in die genannten Speicherungmittel umfassend Instanzen von Pro- 
zcBbausteine (502) und Reservoirbausteinc (501) welche Komponenten von ein oder mehr virtuellen Modell 
von den genannten Komplexsystemen darstellen, jede der genannten Instanzen umfassen eine beliebige 
Anzahl von Attributen, welche Datentypen enthalten aber nicht beschrankt sind an: Zeichenkette, ganze Zahl 
oder reelle Zahlen, Logische Werte, Fuzzy Werte, oder Instanzen von variabten, Parametem, Listen, Arrays, 
Bildern, oder irgendwelche andere Datenstrukturen, oder Zeigem zu irgendwelchen von den genannten Bau- 
teilinstanzen, Externdateien, URLs. Datenbankaufzeichnungen. oder irgendwelchen anderen Datenstruktu- 
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ren, im genannten Computersystem oderineinem Netzwerkzuganglich durch das genannte Computersystem, 
worin: 

• jede der genannten Instanzen von ProzeBbausteinen (502) reprasentiert eine von vielen Prozessen von 
dem genannten Komplexsystem und enthalt wenigstens einen Input (503) oder einen Output (505), wel- 
cher wenigstens einen Inflow oder einen Outflow von dem genannten ProzeB darstellen, worin die ge- 
nannte ProzeQbausteine von verschiedenen Typen sein konnen welche verschieden Typen von Prozes- 
sen darstellen; 

• jede der genannten Instanzen von Reservoirbausteinen (501 ) reprasentiert ein Pool von beliebiger Anzahl 
von Einheiten eines einzelnen Typs oder Zustandes von Entitaten welche verfugbar sind in einem oder 
mehreren von den genannten Prozessen zu partizipieren und enthalt wenigstens einen Input (506) oder 
einen Output (507), welche wenigstens einen Inflow oder einen Outflow von der genannten Pool darstellen, 
worin jede der genannten Pools von Entitaten nicht benotigt physikalisch in Reservoiren oder andererseits 
von anderen Pools von Entitaten im genannten Komplexsystem getrennt zu sein: 

• wenigstens ein Input (503) oder ein Output (505) von jeder der genannten Instanzen von ProzeBbausteinen 
ist verbunden mit einem Output (507) bzw. einem Input (506) von den genannten Instanzen von Reservoir- 
bausteinen, die genannten Verbindungen darstellen daB die genannten Inflows oder Outflows aus der ge- 
nannten Prozesse sind Outflows bzw. Inflows von den genannten Pools von Entitaten, worin jede der genann- 
ten Verbundenen Instanzen von Reservoirbausteinen (501) eine beliebige Anzahl von Input Verbindungen 
(506) und/oder Output Verbindungen (507) zu irgendwelchen Anzahl von den genannten verbundenen Instan- 
zen von ProzeBbausteinen hat (502), und jede der genannten verbundenen Instanzen von ProzeBbausteinen 
irgendwelche Anzahl von Input Verbindungen (507) und /oder Output Verbindungen (506) zu einer beliebigen 
Anzahl der genannten verbundenen Instanzen von Reservoirbausteinen hat; 

• die genannte Programmittel haben Zugangzu don genannten gospeicherten Datonbank(en), und umfaBt Mittel 
zur Integration der genannten alternierenden Instanzen von verbundenen Reservoirbausteinen und 
ProzeBbausteinen als Knoten von einem oder mehreren mehrdimensionalen Netzwerken von Pathways (Abb. 
5), wobei jede der genannten Instanzen in einem oder mehreren von den genannten Pathways enthalten ist, 
und jeder der genannten Instanzen welche mehrere Input Verbindungen haben sind Knoten wo sich verschie- 
dene Pathways vereinigen, und jede der genannten Instanzen welche mehrere Output verbindungen haben, 
sind Knoten wo sich verschiedene Pathways verzweigen, und worin Information und Daten enthalten in den 
genannten Bausteinen von den Komponenten des genannten Komplexsystems integriert werden und durch 
die genannte Kette von Verbindungen zu einander in Zusammenhang gebracht werden. 

Ein Computersystem wie im Anspruch 1 beansprucht weiters ermoglichend quantitative Simulationen von den 
genannten virtuellen Modellen in dem genannten Computersystem, und charakterisiert durch: 

• mathematische Modelle welche das quantitative Verhalten von den genannten Komplexsystemen charakte- 
risieren sind zerlegt in Netzwerke von quantitation Strukturen verteilt unter den genannten Bauteil instanzen 
(Bildern 12 durch 15) und umfassen State-Variablen, abhangige Variable und Parameter, welche Eigenschaf- 
ten von den dargestellten Komponenten darstellen, worin die Werte von den genannten Parametern und In- 
itialwerten von den genannten State-Variablen aus reprasentierten Komponenten gemessen, gerechnet oder 
abgeschatzt werden oder typische Defaultwerte sind; 

• die genannte Programmittel enthalten Simulationsmittel auf den Gesetzen charakteristisch fur die genannten 
Komplexsysteme basien, urn die gegenwartiger Werte von jeder der genannten variablen uber Zeit dynamisch 
Rechnen zu konnen durch die fnkorporation der Wert(e) von bestimmten der genannten Parameter und/oder 
Variable(n) in der Bauteilinstanz von genannter variable und/oder in verbundenen Bauteileinstanzen enthal- 
ten. 

Ein Computersystem wie im Anspruch 2 beansprucht weiters ermoglichend Gemischte-Typ Simulationen der ge- 
nannten virtuellen Modelle unter Benutzung quantitativer oder semi-quantitativer Daten, oder heunstischer Infor- 
mation, fur verschieden Teile der genannten Komplexsystemen, worin: 

• die genannten Bauteilinstanzen weiters einen zweites Set von ihren korrespondierenden quantitation Vana- 
blen und/oder Parametern enthalten, wobei ein Set absolut Werte und ein anderes Set normalisierte Werte 
hat, und 

das genannte Programmittel enthalt weiters Simulationsmittel und/oder Inferenzmittel um der genannten ab- 
solut-wertigen Variablen und Parametern von bestimmten Teilen der genannten virtuellen Modellen und der 
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genannten normalisiert-wertigen Variablen und Parametern von anderen Teilen von den genannten virtuellen 
Modellen uber Zeit dynamisch Rechnen und Integrieren zu konnen. 

Ein Computersystem wie im Anspruch 1 beansprucht worin die genannte virtuelle Modelle raumlich unterteilt sind, 
weilers umfassend Instanzen von Lokalisatbnsbausteinen von einem oder mehreren Typen (2406, 2408) welche 
diskret physikalisch oder konzeptueil raumliche Abteilungen charakteristisch fur die genannten Komplexsysteme 
darstellen, um der genannten Instanzen von ProzeBbausteinen (24 10) und Reservoirbausteinen (2414) von den 
genannten virtuellen Modellen in eine Hierarchie von einer oder mehreren Schichten (2405, 2407, 2409) von den 
genannten Lokalisationsbausteinen Organisieren zu konnen. 

Ein Computersystem wie im Anspruch 1 beansprucht worin die genannte virtuelle Modelle im Zeitabschnitte un- 
terteilt sind, weiters umfassend Instanzen von Zeitbausteine von einem oder mehreren Typen (2421 , 2423) welche 
diskret physikalisch oder konzeptueil Zeitintervalle charakteristisch fur die genannten Komplexsysteme darstellen, 
um der genannten Instanzen von ProzeBbausteinen (2410) und Reservoirbausteinen (2414) von den genannten 
virtuellen Modellen in eine Hierarchie von einer oder mehreren Schichten (2402, 2422) von den genannten Zeit- 
bausteine Organisieren zu konnen. 

Ein Computersystem wie im Anspruch 1 beansprucht weiters umfassend eine oder mehrerer Instanzen von Enti- 
tatsbausteinen (1804), wobei jede Instanz eine Beschreibung der Zusammensetzung (1807) von einer reprasen- 
tativen Entilat von einer Pool dargeslelll durch eine Instanz von den genannten Reservoirbausteinen darslelU, 
wobei die genannten Instanzen von Entitatsbausteinen von korrespondierenden Instanzen der Reservoirbausteine 
zuganglich sind (1801). 

Ein Computersystem wie im Anspruch 1 beansprucht, weiters umfassend Programmittel fur die dynamisches Bil- 
dung intcraktiv visueller Darstellungen (3110, 3118, 36) von den genannten mehrdimensionalen Netzwerken von 
Pathways einschlieBlich querverbundene visuelle Ansichten von Instanzen von wenigstens einem von der ge- 
nannten Typen von Bausteinen, worin: 

• die Zusammensetzung von Pathways in den genannten Ansichten bestimmt ist durch die genannten Pro- 
grammittel zum Darstellen entweder der genannten Komplexsysteme oder irgendwelcher ihrer Subsysteme 
welche vom Benutzer ausgewahlte Kriterien erfullen, wie zum Beispiel: Wahlen von beliebigen einzelnen oder 
mehreren genannten Bauteile instanzen als Startknoten und Wahlen eines aufwarts und/oder abwarts Verlauf 
aus d. genannten Startknoten; und 

• die verbundenen (3114, 3115) visuellen Darstellungen in den genannten Ansichten sind entweder Zeigern zu 
den genannten gespeicherten verbundenen Bauteileinstanzen oder Darstellungen von Klones von den ge- 
nannten gespeicherten verbundenen Bauteileinstanzen. 

Ein Computersystem wie im Anspruch 1 beansprucht, weiters umfassend Programmittel fur die Durchfuhrung von 
Anfragen (Abb. 30) basiert auf die genannten aufwarts oder abwarts aufeinanderfolgenden Verbindungen aus 
irgendwelcher von den genannten Bauteileinstanzen angewahlt als Referenz. 

Ein Computersystem wie im Anspruch 1 beansprucht worin die genannte ProzeBbausteine (843 837) Komposi- 
ttonen sind jeder umfassend einen Untertafel (809, 836) mit je einem Set von Komponenten welche angezeigt 
werden konnen um den visuellen Zugang zu den genannten Komponenten zu ermoglichen und umfassend: 

• eine Oder mehr Instanzen von Reactantbausteine (835), welche verschieden Inflows am der ProzeB repra- 
sentiert durch die genannte Instanz von ProzefBbausteinen darstellen, jeder verbunden (834) mit einem Output 
von einer Instanz von Reservoirbausteinen (801), wobei verschiedener Typen von Reactantbausteinen (820, 
825, 830, 835, 838, 839) verschieden Rollen darstellen daB die genannten Inflows als Teilnehmer in den 
genannten Prozessen spielen: 

• eine oder mehrere Instanzen von Produktbausteinen (808), welche den Outflow(s) aus Prozessen reprasen- 
tiert durch die genannten ProzeBbausteine darstellen, jeder verbunden zu einem Input von einem Reservoir- 
baustein (801). 

. Ein Computersystem wie in Anspruch 9 beansprucht worin: 

• die genannten Reservoirbausteine (801) Kompositionen sind, jede umfassend einen Untertafel (804) mit ei- 
nem Set von Komponenten verbunden mit Komponenten von ProzeBbausteinen, welche angezeigt sein kann 
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urn den visuellen Zugang zu den genannten Komponenten zu ermoglichen und durch die oben genannten 
virtuellen Modelle zu navigieren, wobei die genannten Komponenten umfassen: 

• eine oder mehrere Instanzen von Inputbausteinen (806). wobei jeder einen von den genannten lnflow(s) zu 
dem genannten Pools von Entitaten reprasentiert, und jeder mit (807) einer von den genannten Instanzen von 
Produktbausteinen (808) verbunden ist: und 

• eine oder mehrere Instanzen von Outputbausteinen (833), wobei jeder einen von den genannten Outflow(s) 
aus dem genannten Pools von Entitaten represent iert, und jeder mit (834) einer von den genannten Instanzen 
von Reactantbausteinen (835) verbunden ist; 

• Navigationsmittel assoziiert mit den genannten verbundenen Instanzen von Reactantbausteinen Produktbau- 
steinen, Inputbausteinen, und Outputbausteinen ermoglichen das Anzeigen von Komponenten von irgend- 
welcher Instanzen von ProzeGbausteinen oder Reservoirbaust einen aufwarts und/oder abwarts von irgend- 
welcher angewahlte Instanz. 

. Eine Methode fur die Benutzung virtueller Modelle (Abb 5) von Komplexsystemen urn Uberwachung und/oder 
Steuerung Systeme in einem Computersystem (112) zu Entwerfen, umtassend Prozessormittel, Arbeitsspeicher- 
mittel, Speicherungsmittel, Inputmittel, Outputmittel, Anzeigemittel, Programmittel (114), und eine gespeicherte 
Datenbank von modularen Bausteinen, welche Komponenten von ein oder mehreren Komplexsystemen darstel- 
len, wobei die Methode ist weiters charakterisiert durch: 

• Ladung der genannten Dalenbank (116) in die genannten Arbeitsspeichermittel, die genannle Datenbank um- 
tassend eine beliebige Anzahl von Instanzen von ProzeGbausteinen (502) und Reservoirbausteinen (501), 
worin: 

• jede der genannten Instanzen von ProzeGbausteinen (502) einer der Prozessen von dem genannten Kom- 
plexsystem reprasentiert, und wenigstens einen Input (503) oder einen Output enthalt (505) welche wenigstens 
einen Inflow oder einon Outflow von dem genannten ProzeG darstellt, wobei vorschieden Typen von den ge- 
nannten ProzeGbausteinen verschieden Typen von den genannten Prozessen darstellen; 

• jede der genannten Instanzen von Reservoirbausteinen (501) reprasentiert ein Pool von beliebiger Anzahl 
von Einheiten eines einzelnen Typs oder Zustandes von Entitaten welche verfugbar sind in einem oder meh- 
reren von den genannten Prozessen zu partizipieren(502) ( und enthalt wenigstens einen Input (506) oder 
einen Output (507) welcher wenigstens einen Inflow oder Outflow von der genannte Pool darstellt, wobei jede 
der genannten Pools von Entitaten nicht benotigt physikalisch in ein Reservoir oder andererseits von anderen 
Pools von Entitaten im genannten Komplexsystem getrennt zu sein; 

• irgendwelche von den genannten Input(s) (503) oder Output(s) (505) von irgendwelchen von der genannten 
Instanzen von ProzeGbausteinen ist mit einem Output (507) bzw Input (506) von eine Instanz von den ge- 
nannten Reservoirbausteinen (501) verbunden, und irgendwelche von den genannten Input(s) (506) oder 
Output(s) (507) von irgendwelchen von den genannten Instanzen von Reservoirbausteinen sind mit einer 
beliebigen Anzahl von Output(s) bzw Input(s) von Instanzen von ProzeBbausteinen verbunden; 

• ein Anzahl von den erwahnten alternierenden Instanzen von den genannten Reservoirbausteinen und Pro- 
ze3bausteinen in Serie verbundene Knoten welche einen Pathway bestimmen; 

• Auswahl durch das genannten Programmittel der Set von Bauteileinstanzen gespeichert in genannten Daten- 
bank(en) welche Knoten von Pathways sind die aufgenommen werden sollen in einem virtuellen Modell von 
der Subsystem der fur Uberwachung und/oder Steuerung einzusetzen ist berucksichtigend Benutzerauswahl 
sowie: irgendwelche ein oder mehrere von den genannten Bausteinen als Startknotea und einer aufwarts 
und/oder abwarts Richtung von dem genannten Startknoten; und 

• dynamische Integrierung durch die genannten Programmittel des genannten Sets von angewahlte Instanzen 
in ein mehrdimensionalen Netzwerken von Pathways (Abb. 5), wobei jede der genannten Instanzen in ein 
oder mehreren von den genannten Pathways enthalten ist, und jener genannten Instanzen welche viele Input 
Verbindungen oder viele Output Verbindungen hat, sind Knoten wo sich verschiedene Pathways vereinigen 
bzw. verzweigen. 

Eine Methode wie im Anspruch 1 1 beansprucht weiter ermoglichend der Erstellung von visuellen Ansichten (Bildern 
31 , 36) von den genannten mehrdimensionalen Netzwerken von Pathways, weiter umfassend folgende Schritte: 

Auswahl durch das genannte Programmittel der Set von Instanzen von einem benutzerausgewahlten Typ von 
genannten Bausteinen von genannten virtuellen Modell(en) oder irgendwelchen von ihren Subsystemen, wel- 
che andere benutzer-ausgewahlte Kriterien trifft, sowie: beliebiger einer oder mehrerer von den genannten 
Bauteileinstanzen als Startknoten(en) wahlen, und einer aufwarts und/oder abwarts Richtung von dem ge- 
nannten Startknoten wahlen. welche in den genannten visuellen Ansichten enthalten sind. 
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• Erzeugung durch das genannte Programmittel von visuellen Darstellungen (3114) die Zeigern auf, oder alter- 
nate visuelle Darstellungen von Klones von, den genannten gewahlten gespeicherten Bauteileinstanzen stnd. 

• dynamische Erstellung an der genannten Anzeigemittel eines Layouts (3110. 31 18, Bild. 36) mit den genannten 
visuellen Darstellungen verbunden als Knoten von einem Netzwerk von eines oder mehrere Pathways. 

1 3. Ein Methode wie im Anspruch 11 beansprucht zum Entwerlen von Manipulationstrategien zur Steuerung der Ope- 
ration von komplexen Biochemischen-Systemen in Anwendungen umfassend Behandlung von Krankheiten, Ver- 
besserung von Viehbestand und Nahrungsmittelproduktion, und die Verbesserung des Environments, unter an- 
derem, wobei die Methode ist weiters charakterisiert durch: 

• Durchsuchung fur und Enthullung durch die genannte Programmittel irgendwelche Anzahl von Instanzen von 
den genannten Bausteinen der genannten virtuellen Modelle, welche mogliche Ziele fur Manipulation repra- 
sentieren, urn beliebiger Zielen zu erreichen, sowie das Beeinflussen der Expression von beliebigen Genen, 
wobei das genannte Set von Instanzen enthalten ist in irgendwelchen Pathway(s) aufwarts von Instanz(en) 
von Reservoirbausteinen welche Pools von Entitaten darstellen die an der Verwirklichung von den genannten 
Ziel(en), sowie den genannten Gene(n), von einem Benutzer ausgewahlt, beteiligt smd. 

14. Ein Methode wie im Anspruch 11 beansprucht zum Entwerlen von Manipulationsstrategien zur Steuerung der 
Operation von komplexen Biochemischen-Systemen durch Kandidat(en) externe(r) Agent(en), real(en) oder kon- 
zipiert(en), in Anwendungen umfassend Behandlung von Krankheiten, Verbesserung von Viehbestand und Nah- 
rungsmittelproduktion, und die Verbesserung des Environments, unter anderem, wobei die Methode ist weiters 
charakterisiert durch: 

• Expandierung der genannten Datenbank urn eine oder mehrere Instanzen von Reservoirbausteine zu umfas- 
scn, welche Pools von irgendwelcher Anzahl von Einheiten von don genannte(n) extern(en) Agent(on) dar- 
stellen, und eine oder mehrere Instanzen von ProzeBbausteinen, welche Wechselwirkung(en) von den ge- 
nannten externen Agenten mit ihren Zielen in den genannten komplexen Biochemische-System(en) darstellen; 

• Integrierung durch die genannten Programmittel der genannten neuen Instanzen von Reservoirbausteinen 
und ProzeBbausteinen, welche die genannten externen Agenten und ihre Wechselwirkungen in dem genann- 
ten Netzwerk von Pathways darstellen; 

• Durchsuchen fur und Enthullung durch die genannte Programmittel der Set von Instanzen von den genannten 
Bausteinen der genannten virtuellen Modelle, welche durch Nutzung irgendwelcher einzelnen oder irgend- 
welcher Kombinationen von den genannten Pools von externen Agenten beeinfluBt sein konnten, wobei das 
genannte Set von instanzen enthalten ist in irgendwelchen Pathway(s) abwarts aus den genannten Instanzen 
von Reservoirbausteinen, welche die genannten externen Agenten darstellen, wie von einem Benutzer aus- 
gewahlt. 

15. Ein Methode wie im Anspruch 11 beansprucht weiters ermoglichend die Simulation von quantitativem Verhalten 
von den genannten virtuellen Modellen im genannten Computersystem, worin jede der genannten Baute lie instan- 
zen weiters eine oder mehrerer quantitative Variable oder Parameter enthalt (Bilder 12 durch 15), welche das 
quantitative Verhalten bestimmen von Komponenten von den genannten Komplexsystemen reprasentiert durch 
die genannten Instanzen, und worin die genannte Programmittel weiters Simulationsmittel enthalt, wobei die Me- 
thode ist weiters charakterisiert durch: 

• Benutzung der genannten Simulationsmittel urn dynamisch zu simulieren, in Simuliertezeit oder Echtzeit, die 
genannten virtuellen Modelle oder ihre Subsysteme durch Rechnen Ober Zeit die gegenwartiger Werte von 
jeder der genannten Variablen durch die Inkorporation der Wert(en) von bestimmten der genannten Parameter 
(n) und/oder Variable(n) enlhallen entweder in der Bauteilinstanz die genannte Variable und/oder in den Bau- 
teileinstanzen verbunden mit der genannten Instanz. 

16. Ein Methode wie im Anspruch 15 beansprucht weiters ermoglichend Gemischte-Typ Simulationen der genannten 
virtuellen Modelle unter Benutzung quantitativer oder semi-quantitativer Daten, oder heuristischer Information, fur 
verschiedenc Teile der genannten Komplexsysteme, worin die genannte Bauteileinstanzen weiters ein zweites 
Set von ihren korrespondierenden quantitativen variablen und/oder Parametern enthalten, wobei ein Set absolut 
Werte und ein anderes Set normalisierte Werte hat, wobei die Methode ist weiters charakterisiert durch: 

• Benutzung der genannten Simulationsmittel wahrend ein Simulations lauf urn der genannten absolut-wertigen 
Variablen und Parametern von bestimmten Teile der genannten virtuellen Modelle und der genannten norma- 
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lisiert-wertige Variablen und Parametern von anderen Teiien von den genannten virtuellen Modellen dynamisch 
zu rechnen uber Zeit und zu integrieren. 

17. Eine Methode wie im Anspruch 15 beansprucht waiters ermoglichend die Simulation von quantitativem Verhalten 
von komplexen Biochemischen-systemen um die Auswirkungen von Manipulalionsstrategien in Anwendungen 
umfassend Behandlung von Krankheiten, Verbesserung von Viehbestand und Nahrungsmittelproduktion, und die 
Verbesserung des Environments, unter anderem, zu uberwachen und bewerten, wobei die Methode ist weiters 
charakterisiert durch: 

• Anwah! durch das genannten Programmittel der Set von Bauteileinstanzen gespeichert in der genannten Da- 
tenbank die aufgenommen werden sollen in einem virtuellen Modell von der Subsystem der simuliert werden 
sollte um die Realisierung von beliebigen Zielen zu bewerten, sowie die Beeinflussung von dem Expression 
von beliebigen Genen, wobei das genannte Set von Instanzen enthalten ist in irgendwelchen Pathway(s) 
aufwarts von Instanz(en) von Reservoirbausteinen welche Pools von Entitaten darstellen die an der Verwirk- 
lichung von den genannten Ziel(en), sowie den genannten Gene(n), von einem Benutzer ausgewahlt, beteiligt 
sind. 

18. Eine Methode wie im Anspruch 1 5 beansprucht weiters ermoglicht die Simulation von quantitativem Verhalten von 
komplexen Biochemischen-systemen um der Auswirkungen von externe(n) Agent(en), real(en) Oder konzipiert 
(en), zu uberwachen und bewerten, im Anwendungen umfassend Behandlung von Krankheiten, Verbesserung 
des Viehbestandes und Nahrungsmittelproduktion, und die Verbesserung des Environments, unter anderem, wo- 
bei die Methode ist weiters charakterisiert durch: 

• Expandierung der genannten Datenbank um eine oder mehrere Instanzen von Reservoirbausteinen zu um- 
fasson, wolche Pools von irgendwolcher Anzahl von Einhoiten von den gonannte(n) extern(en) Agent(en) 
darstellen, und eine oder mehrere Instanzen von Proze&bausteinen, welche Wechselwirkung(en) von den 
genannten externen Agenten mit ihren Zielen in den genannten komplexen Biochemischen-systemen darstel- 
len; 

• Integrierung durch die genannten Programmittel der genannten neuen Instanzen von Reservoirbausteinen 
und ProzeBbausteinen, welche die genannten externen Agenten und ihre Wechselwirkungen in dem genann- 
ten Netzwerk von Pathways darstellen; und 

• Anwahl durch das genannten Programmittel der Set von Bauteileinstanzen gespeichert in der genannte die 
aufgenommen werden sollen in einem virtuellen Modell von der Subsystem der simuliert werden sollte um die 
Auswirkungen von Nutzung irgendwelcher einzelner oder irgendwelcher Kombinationen von den genannten 
externen Agenten zu bewerten, wobei das genannte Set von Instanzen enthalten ist in irgendwelchen Pathway 
(s) abwarts von den genannten Instanzen von Reservoirbausteinen welche die genannte(n) exteme(n) Agent 
(en) darstellen, wie vom Benutzer ausgewahlt. 

19. Eine Methode wie im Anspruch 1 5 beansprucht weiters ermoglicht die Synch ron is ie rung von Echtzeitsimulationen 
von den genannten virtuellen Modellen (1 1 6) im genannten Com putersy stem mit realen Betrieb von dem genannten 
Komplexsystem (102) ; durch Integrierung (118) von online-uberwachter werte der variablen (122) von irgendwel- 
chen Komponenten von dem genannten Komplexsystem in der genannten Simulation, weiters umfassen Ober- 
wachungsmittel (106, 108) verbunden (120) mit den genannten Inputmittel wobei die Methode ist weiters charak- 
terisiert durch: 

• Einstellung und Verwendung der genannten Uberwachungsmittel um ein oder mehrere Wert(en) von Variable 
(n) zu uberwachen (106), die charakteristisch sind fur die genannten Prozesse oder Pools von Entitaten von 
den genannten Komplexsysteme(n) reprasenliert durch irgendwelche von den genannten variable(en) (118) 
enthalten in irgendwelchen von den genannten Instanzen von Reservoirbausteinen (501) oder ProzeBbau- 
steinen (502) von dem genannten virtuellen Modell; 

• Definierung und Benutzung einer oder mehrerer Uberwachungschnittstellen (120) im genannten Computer- 
system zwischen den genannten Uberwachungsmittel (106, 108) und den genannten Programmittel (114) um 
die genannten Uberwachungs werte (122) zu beziehen und zu weitergeben an ihre entsprechenden variablen 
(118) enthalten im den genannten Bauteileinstanzen; 

• Einstellung jeder der genannten variablen (118) die der genannten uberwachen Werte darstellen, um wahrend 
einer Simulation ihrer Werte uber Zeit dynamisch zu erhalten aus den genannten entsprechend gemessenen 
Werten, anstatt der genannten simulterten Werte. 
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20. Eine Methode wie im Anspruch 15 beansprucht weiters ermdglichend die Steuerung von einem Verarbeitungssy- 
stem umfassend eines von den genannten realen Komplexsystemen basiert auf eine Echtzeitsimulation von ihrem 
virtuellen Model! (116). weiters umfassend Steuerungsmittel (138) verbunden mit dem genannten Verarbeitungs- 
system (102) und den genannten Outputmittel (1 30), wobei die Methode ist weiters charakterisiert durch: 

• Einstellung und Verwendung der genannten Steuerungsmittel (138) urn die Operation von beliebigen Kom- 
ponenten (140) von dem genannten Verarbeitungssystem zu regulieren, 

• Definierung und Benutzung den Steuerungscode urn Steuerungssignale zu erzeugen zur Weitergabe (132) 
zu den genannten Steuerungsmittel (138), wobei die genannte Signale ausgelost wahrend einer Simulation 
wenn die simulierte werte von bestimmten ein oder mehreren von den genannten Variablen (128) enthalten 
in genannten Bauteileinstanzen von den genannten virtuellen Modellen bestimmte Schwellenwerten erlangen 
oder sich innerhalb bestimmter Bereiche befinden; 

• Definierung und Benutzung ein oder mehrerer Steuerungschnittstellen (1 30) in genanntem Com putersy stem 
zwischen den genannten Programmittel und der genannten Steuerungsmittel urn die genannten Steuerungs- 
signale an die genannten Steuerungsmittel weiterzugeben. 

21 . Eine Methode zum Bauen virtueller Modelle (Abb.5) von Komplexsystemen in einem Computersystem umfassend 
Prozessormittel, Arbeitsspeichermittel, Speicherungsmittel. Inputmittel, Outputmittel, Anzeigemittel, Programmit- 
tel und eine Bibliothek (2001 , 1 901 ) von diversen modularen Prototypen von Bausteinen assoziiert mit Methoden 
gespeichert in genanntem Compulersyslem, welches unlerschiediichen Typen von Komponenten von den ge- 
nannten Komplexsystemen darstellen, wobei die Methode charakterisiert ist durch: 

Erzeugung durch die genannten Programmittel Instanzen von irgendwelchen der genannten Prototypen, aus 
der genannten Bibliothek vom Benutzer gewahlt, zur Darstellung diverser Komponenten irgendwelcher von 
don genannten Komplexsystemen, worin die genannte Bibliothek umfaBt: 

• einen oder mehrere Prototypen von Reservoirbausteinen (1 201 ), welcher Instanzen benutzt werden zur Dar- 
stellung je einer Pool einer beliebigen Anzahl von Einheiten eines einzehen Typs oder Zustandes von Enti- 
taten, wobei jede wenigstens einen Input oder einen Output umfaBt, die einen Inflow bzw Outflow von der 
genannten Pool darstellen, worin jede der genannten Pools von Entitaten nicht bendtigt physikalisch in Re- 
servoiren oder andererseits von anderen Pools von Entitaten im genannten Kompiexsystem getrennt zu sein; 
und 

• verschiedene Prototypen von ProzeBbausteinen (2001 ), von welchen jeder einen von verschieden Typen von 
Prozessen charakteristisch fur die genannten Komplexsysteme darstellt, wobei jede wenigstens einen Input 
und einen Output umfaBt, welche einen Inflow und einen Outflow von dem genannten ProzeB darstellen; 

• Erstellung durch die genannte Programmittel Verbindungen zwischen Output-Input Paare angewahlt vom Be- 
nutzer, wobei die genannten Output-Input Paare umfassen: einen Output von irgendwelchen der genannten 
Instanzen von Reservoirbausteinen oder ProzeBbausteinen und einen Input von irgendwelchen der genannten 
Instanzen von ProzeBbausteinen bzw. Reservoirbausteinen, welche darstellen daB ein Outflow aus der ersten 
eine Inflow quelle fur die zweite Instanz der genannten Bausteine ist; 

• Speicherung der genannten Instanzen von den genannten Prototypen und der genannten Verbindungen wer- 
den gespeichert im genannten Computersystem; und 

• dynamisch Integrierung durch die genannten Programmittel den genannten verbundenen Bausteinen in mehr- 
dimensionalen Netzwerken von Pathways (Abb.5), deren Knoten die genannten alternierend verbundenen 
Instanzen von Reservoirbausteinen (501) und ProzeBbausteine (502) sind welche Information und Daten der 
Komponenten reprasentierten durch die genannten verbundenen Instanzen integrieren und in Beziehung brin- 
gen, worin jede der genannten Instanzen von Reservoirbausteinen Input Verbindungen von und/oder Output 
Verbindungen zu irgendwelchen Anzahl der genannten Instanzen von ProzeBbausteinen hat, und worin jede 
der genannten Instanzen von ProzeBbausteinen Input Verbindungen von und/oder Output Verbindungen zu 
irgendwelche Anzahl der genannten Reservoirbausteine hat, wobei jede der genannten Instanzen in einem 
oder mehreren von den genannten Pathways enthalten ist, und jener genannten Instanzen welche viele Input 
Verbindungen hat ist ein Knoten wo sich verschiedene Pathways vereinigen, und jener genannten Instanzen 
welche viele Output Verbindungen hat ist ein Knoten wo sich verschiedene Pathways verzweigen. 

22. Eine Methode wie im Anspruch 21 beansprucht worin jede der genannten Prototypen von Bausteinen weiters 
einen oder mehrere quantitative State- Variable oder abhangige Vanable oder Parameter enthalt (Bildern 12 durch 
15) urn quantitative Simulationen von den genannten virtuellen Modellen zu ermoglichen. wobei die Methode ist 
weiters charakterisiert durch 
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• Definierung der Simulationsmittel in dem genannten Computersystem urn die gegenwartiger Werte von jeder 
der genannten Variablen uber Zeit zu rechnen, durch die Inkorporation der Wert(e) von bestimmten genannten 
Parameter(n) und/oder Variable(n) enthalten entweder in der Bauteilinstanz von einer genannten \fcriablen 
und/oder in Bauteileinstanzen verbunden mit die genannte Instanz; 

• Einstellung durch die genannten Programmittel Default-Werten der genannten Parametern von den genannten 
Bauteileinstanzen auf bestimmte Werte definiert in genannten Programmittel fur jede der genannten Prototy- 
pe^ basierten auf typischen Normalwerten charakteristisch fur Typen von Komponenten von den genannten 
Komplexsystemen reprasentiert durch die genannten Prototypen; 

• Benutzung der genannten Inputmittel um die genannten Default-Werte durch gemessene gerechnete, oder 
abgeschatzte Werte von irgendwelchender genannten Parameter von irgendwelcher der genannten Instanzen 
fur welche die genannten spezifischen Werte verfugbar Oder erwunscht sind, zu ersetzen; und 

• Einstellung durch die genannten Programmittel Initiatwerten fur irgendwelche von den genannten State-Va- 
riablen basierten auf die Verfugbarkeit von bestimmten anderen spezifischen Daten Oder Informationen ge- 
speichert in genannten Bauteilinstanzen, wie im genannten Programm definiert, oder in ihrer Abwesenheit auf 
Default-Werten im genannten Programm definiert fur jede der genannten Prototypen basierten auf den typi- 
schen Initialwerten charakteristisch fur Typen von Komponenten von die genannte Komplexsystemen repra- 
sentierten durch die genannten Prototypen. 

23. Eine Methode wie im Anspruch 22 beansprucht worin der genannte Prototypen von Bausteinen weiters einen 
zweites Set von ihren korrespondierende quantitaliven State -Variablen oder abhangigen Variablen, und/oder Pa- 
rametern enthalten, wobei ein Set absolut Werte und ein anderes Set normalisierte Werte hat, um dynamisch 
Gemischte-Typ Simulationen von den genannten Komplexsystemen mit Daten von unterschiedlichen Prazisions- 
graden verfugbar fur verschiedene Teile von den genannten Modellen zu ermoglichen, wobei die Methode ist 
weiters charakterisiert durch: 

• Definierung weitere Simulationsmittel fur die dynamisch Integrierung der genannten absolut-wertigen varia- 
blen und Parameter von bestimmten Teilen von den genannten virtuellen Modellen und den genannten nor- 
malisiert-wertigen Variablen und Parametern von anderen Teilen von den genannten virtuellen Modellen, unter 
Benutzung von Normal is ie run gsfunkt ion en spezifisch definiert fur verschieden Typen von Bausteinen 

24. Eine Methode wie im Anspruch 21 beansprucht weiters ermoglichend die Erstellung von virtueller Modelle die 
raumlich unterteilt sind, worin die genannte Bibliothek weiters eine beliebige Anzahl von Prototypen von Lokalisa- 
tionsbausteinen enthalt (2405, 2407), welche diskret physikalisch oder konzeptuell Raum Abteilungen charakte- 
ristisch fOr die genannten Komplexsysteme darstellen, wobei die Methode ist weiters charakterisiert durch: 

• Erstellung durch die genannte Programmittel Instanzen von den genannten Prototypen von Lokalisationsbau- 
steine vom Benutzer ausgewahlt aus der genannten Bibliothek, zum Bauen einer Hierarchie von einer belie- 
bigen Anzahl von Schichten von den genannten Instanzen zum Darstellen der raumlichen Hierarchie charak- 
teristisch fur der Komplexsystem das modelliert wird, 

• Organisierung der genannten Instanzen von ProzeBbausteinen (2410) und Reservoirbausteinen (2414) von 
den genannten virtuellen Modellen um innerhalb der geeigneten Unterschichten Instanzen (2408) von den 
genannte Lokalisationsbausteine in der genannten Hierarchie enthalten zu sein; und 

• Erstellung durch die genannten Programmittel von Behalterbeziehungen zwischen irgendwelchen von den 
genannten Instanzen von Lokalisationsbausteinen und anderen Instanzen von Lokalisationsbausteinen, Pro- 
zeBbausteinen, und Reservoirbausteinen welche ein oder mehrere Kriterien basierten auf der genannten hier- 
archischen Organisation erfullen. 

25. Eine Methode wie im Anspruch 21 beansprucht weiters ermoglichend die Erstellung von virtueller Modelle die in 
Zeitintervalle unterteilt sind, worin die genannte Bibliothek weiters enthalt eine beliebige Anzahl von Prototypen 
von Zeitbausteinen enthaft (2404. 2421 , 2423), welche diskret physikalische oder konzeptuelle Zeitintervalle cha- 
rakteristisch fur die genannten Komplexsysteme darstellen, wobei die Methode ist weiters charakterisiert durch: 

• Erstellung durch die genannten Programmittel von Instanzen dor genannten Prototypen von Zeitbausteinen 
vom Benutzer ausgewahlt aus der genannten Bibliothek, um einer Hierarchie von einer beliebigen Anzahl von 
Schichten (2402, 2422) von den genannten Instanzen zu Bauen zur Darstellen der Zeitintervall Hierarchie 
charakteristisch fur das Komplexsystem welches modelliert wird; 

• Organisierung der genannten Instanzen von ProzeBbausteinen (2410) und Reservoirbausteinen (2414) von 
den genannten virtuellen Modellen um innerhalb der geeigneten Unterschichten Instanzen der genannten 
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Zeitbausteine in die genannte Hierarchie enthalten zu sein; und 

• Erstellung durch die genannte Programmittel Behalterbeziehungen zwischen irgendwelchen von den genann- 
ten Instanzen von Zeitbausteinen und anderen Instanzen von Zeitbausteinen, ProzeBbausteinen und Reser- 
voirbausteinen. welche ein oder mehrere Kriterien basierten auf die genannte hierarchische Organisation er- 

5 fullen. 

26. Eine Methode wie im Anspruch 21 beansprucht worin die genannte Bibliothek weiters eine beliebige Anzahl von 
Prototypen von Entitatsbausteine (Abb. 18) enthalt, welche Typen von Entitaten charakteristisch lur die genannten 
Komplexsysteme oder Typen von Komponenten von den genannten Entitaten darstellen, wobei die Methode ist 

io weiters charakterisiert durch: 

• Erzeugung durch die genannten Programmittel Instanzen von den genannten Prototypen von Entitatsbaustei- 
nen vom Benutzer aus der genannten Bibliothek ausgewahlt; 

Einordnung in jede Instanz von Spitzenschicht Entitatsbausteinen (1804), wobei jeder die Beschreibung der 
is Zusammensetzung von einem typisch Entitat von irgendwelchen von den genannten Instanzen von Reser- 

voirbausteinen (1801 ) darstellt, eine Hierarchie von emer beliebigen Anzahl von Schichten (1807, 1809, 191 4) 
von den genannten Instanzen von Entitatsbausteine; die ihre modularen Komponenten darstellen; 

• von den entsprechenden Instanzen von Reservoirbausteinen (1801) in welche ein Zeiger zu irgendwelchen 
von den genannten Instanzen Spitzenschicht angebracht worden ist, die genannten Spitzenschicht Instanzen 

20 durch die genannten Programmittel zuganglich (1803) machen. 

27. Eine Methode wie im Anspruch 21 beansprucht worin die genannte Prototypen von ProzeBbausteinen (843, 837 
Kompositionen sind, wobei jeder einen Untertafel (809, 836) mit je einem Set von Komponenten welche angezeigt 
werden konnen um den visuellen Zugang zu den genannten Komponenten zu ermoglichen, wobei die Methode 

25 ist woitors charakterisiert durch: 

• die genannten Komponenten enthalten eine oder mehrere Instanzen von Reactantbausteinen (835) zur Dar- 
stellung verschiedener Inflows charakteristisch fur den Typ des Prozesses reprasentiert durch jede der ge- 
nannten Prototypen, wobei verschiedene Typen von Reactantbausteinen verschiedene Rollen darstellen daB 

30 die genannten Inflows als Teilnehmer in den genannten Prozessen spielen, und eine oder mehrere Instanzen 

von Produktbausteinen (808) zur Darstellung von Outflows aus Prozessen reprasentiert durch die genannten 
Prototypen: 

• das genannte Output-Input Paar umfaBt: einen Output von irgendwelchen der genannten Instanzen von Re- 
servoirbausteinen und eine Instanz von den genannten Reactantbausteinen von irgendwelchen von der ge- 

35 nannten Instanzen von ProzeBbausteinen, und eine Instanz von Produktbausteinen und einen Input von ir- 

gendwelchen der genannten Instanzen von Reservoirbausteinen. 

28. Eine Methode wie in Anspruch 27 beansprucht worin genannte(r) Prototyp(en) von Reservoirbausteinen (801) 
Kompositionen sind, jeder umfassend einen Untertafel (804) mit je einem Set von Komponenten welche angezeigt 

40 werden konnen um den visuellen Zugang zu den genannten Komponenten zu ermoglichen, wobei die Methode 

ist weiters charakterisiert durch: 

• die genannten Komponenten enthalten eine oder mehrere Instanzen von Inputbausteinen und Outputbaustei- 
nen, jeder von welchen einen von den genannten Inflow(s) bzw Outflow(s) fur die genannten Pools von Enti- 

45 taten darstellen; 

• die genannten Output-Input Paare umfassen: eine Instanz eines Outputbausteins von irgendwelchen der ge- 
nannten Instanzen von Reservoirbausteinen und eine Instanz eines Reactantbausteins von irgendwelchen 
der genannten Instanzen von ProzeBbausteinen, und eine Instanz eines Produktbausteins von irgendwelchen 
der genannten Instanzen von ProzeBbausteinen und eine Instanz eines Inputbausteins von irgendwelche der 

50 genannten Instanzen von Reservoirbausteinen. 



Revendications 

55 1. UN systeme informatique pour generer modeles virtuels de systemes complexes comprenant moyens du traite- 
ment, moyens de memoire, moyens de stockage, moyens d'entree, moyens de sortie, moyens d'affichage, et 
moyens de programmation, caracterise par 
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• une ou plus de bases de donnees enregistrees dans dits moyens de stockage comprenant occurrences de 
processus-blocs (502) et reservoir-blocs (501), les construction-blocs representant ies cornposants d'un ou 
plus de modeles virtuels de dits systemes complexes chaque de dites occurrences comprenant un nombre 
illimite d'attributs, quels types de valeurs inclure mais sont pas limite a chaine de caracteres. nombres entiers 
ou reels, valeurs logiques, valeurs fuzzy, ou occurrences de variables, parametres, listes, matrices, images, 
ou autre structure quelconque de donnees, ou pointeurs a dites occurrences quelconques de construction- 
blocs, fichiers externes URLs, jeu de donnees : ou autre structure quelconque de donnees, dans dit systeme 
ordinateur ou dans un reseau accessible par dit systeme ordinateur, dans lequel: 

• chacune de dites occurrences de processus-blocs (502) represente un de nombreux processus de dit systeme 
complexe et comporte au moins une entree (503) ou une sortie (505) representant au moins un influx ou un 
outflux de dit processus, et dans lequel dits processus-blocs peut etre de types differents representant les 
differents types de processus; 

• chacune de dites occurrences de reservoir-blocs (501 ) represente un pool d'un nombre illimite d'unites d'un 
seul type ou etat de entites disponible a participer en une ou plus de dits processus et comporte au moins 
une entree (506) ou une sortie (507) representant au moins un influx ou outflux de dit pool, et dans lequel 
chacun de dits pools de entites ne necessite pas d'etre physiquement separe dans un reservoir ou autrement, 
de autres pools de entites en dit systeme complexe; 

• au moins une entree (503) ou une sortie (505) de chaque de dites occurrences de processus-blocs est liee a 
une sortie (507) ou une entree (506), respectivement, de dites occurrences de reservoir-blocs, dits liens re- 
presentant que dits influxes ou outfluxes de dits processus sont oulfluxes ou influxes de dits pools de entites 
respectivement et dans lequel chacune de dites liee occurrences de reservoir-blocs (501 ) a un nombre illimite 
de liens d'entrees (506) et/ou liens de sorties (507) a un nombre illimite de dites liee occurrences de processus- 
blocs (502), et chacune de dites liee occurrences de processus-blocs a un nombre illimite de liens d'entrees 
(507) et / ou liens de sorties (506) a un nombre illimite dites liee occurrences de reservoir-blocs; 

• dits moyens de programmation ont acces a dite onrcgistroe base de donnees(s) et comprennent moyens pour 
integrer dites alternant occurrences de reservoir-blocs et processus-blocs lies comme noeuds d'un ou plus 
de reseaux multidimensionnels (Fig. 5) de chemins, chaque de dites occurrences etant contenue dans une 
ou plus de dits chemins, chacune de dites occurrences qu'a multiple liens d'entrees est un noeud ou different 
chemins s'f usionnent, et chacune de dites occurrences qu'a multiple liens de sorties est un noeud ou different 
chemins branche, et dans lequel ('information et les donnees contenue dans dits const ruction -blocs concernant 
les cornposants de dit systeme complexe sont integres et rattaches a chaque autre a travers de dites series 
de liens. 



UN systeme informatique comme revendiqud dans Revendication 1 plus de permettre simulations quantitatives 
de dits modeles virtuels dans dite systeme informatique, caracterise par: 

* modeles mathematiques caracterisant le comportement quantitatif de dits systemes complexes sont decompose 
en reseaux de structures quantitatives distribue dans dites occurrences de const ruction -blocs (Figs 12 a travers 
de 15) comprenant state variables, variables dependantes, et parametres representant caracteristiques des corn- 
posants iis representent, dans lequel valeurs de dits parametres et valeurs initiates de dites state variables sont 
mesurees, calculees, ou estimees a partir des cornposants represente ou sont representatif valeurs par defaut; 

• dits moyens de programmation comporte moyens de simulation sur la base de lois caracteristiques de dites 
systemes complexes pour dynamiquement calculer les valeurs actuelles de chaque de dites variables dans 
le temps en incorporant le(s) valeur(s) de certain de dits parametre(s) et/ou variable(s) contenue dans la meme 
occurrence de construction-bloc de dite variable et/ou occurrences de construction-blocs liee a dite occurren- 
ce. 



UN systeme informatique comme revendique dans Revendication 2 plus de permettre simulations de type mixle 
de dits modeles virtuels utilisant donnees quantitatives or semi-quantitatives, ou information heuristique, pour 
differentes parts de dits systemes complexes, dans lequel: 

• dites occurrences de construction-blocs comprennent supplementairement un deuxieme serie de leur corres- 
pondents quantitatif variables ot/ou parametres une serie ayant valeurs absolues et autre serio ayant valeurs 
normalisees, 

• dits moyens de programmation comprennent supplementairement moyens de simulation et/ou moyens d'in- 
ference pour dynamiquement calculer dans le temps et integrant dites variables et parametres avec valeurs 
absolues de certain parts de dits modeles virtuels et dites variables et parametres avec valeurs normalisees 
de autres parts de dits modeles virtuels. 



89 



EP0 821 817 B1 



4. UN systeme informatique comme revendique dans Revendication 1 dans lequel dits modeles virtuels sont com- 
partimente dans I'espace, comprenant supplementairement occurrences d'emplacement -blocs, les construction- 
blocs d'une ou plus types (2406, 2408) representant discret physique ou conceptuel espace compartiments ca- 
racteristiques de dits systemes complexes, utilises pour organiser dites occurrences de processus-bfocs (2410) 
et reservoir-blocs (2414) de dits modeles virtuels en une hierarchie d'une ou plus de couches (2405, 2407, 2409) 
de dits emplacement-blocs. 

5. UN systeme informatique comme revendique dans Revendication 1 dans lequel dits modeles virtuels sont com- 
partimente en intervalies de temps, comprenant supplementairement occurrences de temps-blocs, les construc- 
tion-blocs d'une ou plus types (2421 2423) representant discret physique ou conceptuel intervalies de temps ca- 
racteristiques de dits systemes complexes, utilises pour organiser dites occurrences de processus-blocs (2410) 
et reservoir-blocs (2414) de dits modeles virtuels en une hierarchie d'une ou plus de couches (2402, 2422) de dits 
temps-blocs. 

6. UN systeme informatique comme revendique dans Revendication 1 comprenant supplementairement une ou plus 
d'occurrences de entite-blocs (1804) chaque occurrence representant la description de la composition (1807) 
d'une entite representative d'un pool represents par une occurrence de dits reservoir-blocs, dites occurrences de 
entite-blocs etant accessible a partir des occurrences correspondantes de reservoir-blocs (1801). 

7. UN systeme informatique comme revendique dans Revendication 1 , comprenant supplementairement moyens de 
programmation pour dynamiquement generer interactive visualisations (3110, 3118, 36) de dits reseaux multidi- 
mensionnels de chemins comprenant representations visuels interconnects d'occurrences de au moins un de 
dits types de construction-blocs, dans lequel: 

• la composition de chemins en dites visualisations est determinee par dits moyens de programmation pour 
representor dits systemes complexes ou leur subsystemes quelconques que repondent a criteres selects par 
I'utilisateur, telle que: selectionner un ou plus de dites occurrences quelconques de construction-blocs comme 
le(s) noeud(s) de depart et selectionner un direction en amont et/ou en aval a partir de dit(s) noeud(s); et 

• las representations visuels connectes (3114, 3115) en dites visualisations sont pointeurs a dites enregistree 
liee occurrences de construct ion -blocs ou representations de clones de dites enregistree liee occurrences de 
construction-blocs. 

8. UN systeme informatique comme revendique dans Revendication 1 comprenant supplementairement moyens de 
programmation pour realiser requetes (Fig. 30) sur la base de dits liens successifs en amont ou en aval a partir 
de dites occurrences quelconques de construction-blocs selectionne comme reference. 

9. UN systeme informatique comme revendique dans Revendication 1 dans lequel dits processus-blocs (843, 837) 
sont composite, chaque comprenant un subpanneau (809, 836) avec une serie de composants que peuvent etre 
affiche pour fournir acces visuel a dits composants, comprenant: 

• une ou plus d'occurrences de reactant-blocs (835), representant different influxes a le processus represents 
par dit occurrence de process us-bloc, chacune liee (834) a une sortie d'une occurrence de reservoir-bloc 
(801), les types differents de reactant-blocs (820, 825, 830, 835, 838, 839) representant rdles differents que 
dits influxes jouer comme participants dans dit processus; 

• une ou plus d'occurrences de produrt-blocs (808) representant outflux(s) du processus represents par dit 
processus-bloc, chacune liee a une entree d'un reservoir-bloc (801). 

10. UN systeme informatique comme revendique dans Revendication 9 dans lequel dits reservoir-blocs (801) sont 
composite, chacun comprenant un subpanneau (804) avec une serie de composants liee a composants de pro- 
cessus-blocs, que peuvent etre affiche pour fournir acces visuel a dits composants et pour naviguer partout dits 
modeles virtuels, dits composants comprenant: 

• une ou plus d'occurrences de entree-blocs (806), chacune representant un de dits influx(s) a dit pool de entites, 
chacune liee a (807) un de dites occurrences de produrt-blocs (808); et 

• une ou plus d'occurrences de sortie-blocs (833), chacune representant un de dits outflux(s) de dit pool de 
entites, chacune liee a (834) un de dites occurrences de reactant-blocs (835); 

• moyens de navigation associees avec dites liee occurrences de reactant-blocs, produit-blocs, entrSe-blocs et 
sortie-blocs pour permettre la visualisation des composants de occurrences quelconques de processus ou 
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